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Preface

This document was generated in support of NASA contract NAS1-18586, Design and Validation of Digital
Flight Control Systems Suitable for Fly-By-Wire Applications, Task Assignment 10. Task 10 is concerned
with the formal specification and verification of a processor interface unit.

This report contains the HOL listings of the formal specification of the design and partial requirements for
a processor interface unit using the HOL theorem-proving system. The specification approach is described
inNASA CR-4521. The processor interface unit is a single-chip subsystem within a fault-tolerant embedded
system under development within the Boeing Defense & Space Group. It provides the opportunity to in-
vestigate the specification and verification of a real-world subsystem within a commercially-developed
fault-tolerant computer.

The NASA technical monitor for this work is Sally Johnson of the NASA Langley Research Center, Hamp-
ton, Virginia,

The work was accomplished at the Boeing Company, Seattle, Washington and the University of Idaho,
Moscow, Idaho. Personnel responsible for the work include:
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T. M. Richardson, Program Manager
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Gerald C. Cohen, Principal Investigator
David A. Fura, Researcher

University of Idaho:
Dr. Phillip J. Windley, Chief Researcher

iii

PREBGEOING PAGE RLANK NOT FH Mii:



iv



Contents

T INEOAUCHION coonieice et e ettt e e es e s b e s e et e eesb e bbb eneane st e nesabe b neens 1
2 SUPPOTHNE TREOTIES .. ..oceiriiieiriienieet et st ettt ettt et eb e seae e s e st b bt emt eabasmen st ens e st ere sateneans 2
3 PIU DesSign SPECHfICAtION ...cc.eoiiiiiiiiiiiiiiiee ettt et et st et sttt eee st et ent et e be e e 39
3.1 PIU-Applicable DefifitiOns .........ccccoveiiiiiiiiiiiiriee e ecereseescerssre e e esnesressessaesesnessaesssesasesesesneans 39
3.2 P-POrt DEfIMItIONS ...cooiviieeieeeiiernentinstseeiestessaeesasssssaaessstesesensessssesssnssassessasseensassessensasasesnssaas 40
3.3 M-POIt DEfIMLIONS ....ocvocecveteeieisicteeeeeee ettt sa s ssb s s esass s saers st se s sn s bs s san s s ens 60
3.4 R-POrt DEfiMitiONS ......cc.oiieiieiiiiiieecee et sttt eveie st ete st b e s etese s s e e snme s s s sabenesearen 83
3.5 C-POrt DEfIMULIONS ..cc..covuivveerrieinierrecrieniiersrersresneseeeseessneresressesers s sneseusesnssmasensesstnsesmiossessesanesras 120
3.6 SU-CONt DEIINILONS ....coerveiireertierenieeeiiereerintetee e sterteseses e e sesarestameatseessensensensesssesseenseaes 166
4 PIU Requirements SPECIfICAtON ..........cevicurieirieieieici ettt bt s e b s eee e eee 186
4.1 PIU Transaction-Level SpeCifiCation ..........cceuvierienieiecceniennenierien et eerecee e e 186
4.2 P-Port Transaction-Level SpecifiCation .........ccoooiriciiecinn et e e 202
4.3  M-Port Transaction-Level Specification .......c.....ccccevcveiineniii s 215
4.4 C-Port Transaction-Level SpecifiCation ..........cccoveiieiiniiinncninierc et e 227
4.5 R-Port Transaction-Level SpecifiCation ..........cccoovevievniiiiinieinien e e 232

PA@E_ii_ INTENTIONALLY BLANK v

'YOFN MED






1 Introduction

This technical report contains the HOL listings of the specification of the design and major portions of
the requirements for a commercially-developed processor interface unit (or PIU). The PIU is an interface
chip performing memory-interface, bus-interface, and additional support services for a commercial micro-
processor within a fault-tolerant computer system. This system, the Fault-Tolerant Embedded Processor
(FTEP), is targeted towards applications in avionics and space requiring extremely high levels of mission
reliability, extended maintenance-free operation, or both. -

This report contains the actual HOL listings of the PIU specification as it currently exists. For those
interested in an informal description of the PIU specification, NASA CR-4521 contains a discussion of the
modeling issues involved in the PIU specification, as well as an overview of the specification itself.

Section 2 of this report contains general-purpose HOL theories that support the PIU specification.
These theories include definitions for the hardware components used in the PIU, our implementation of n-
bit words, and our implementation of temporal logic.

Section 3 contains the HOL listings for the PIU design specification. Aside from the PIU internal bus
(I_Bus), this specification is complete.

Section 4 contains the HOL listings for a major portion of the PIU requirements specification. Specifi-
cally, it contains most of the definition for the PIU behavior associated with memory accesses initiated by
the local processor.



2 Supporting Theories

This section contains general-purpose theories used in the PIU specification. The theories array_def,
wordn_def, busn_def, and templogic_def contain our implementations for arrays, n-bit words (of bit-type
bool), 4-valued logic, and temporal logic, respectively. The theories gates_defl, latches_def, ffs_def, coun-
ters_def, datapaths_def, and buses_def contain component models for logic-gates, latches, flip-flops,
counters, datapath elements, and bus nodes, respectively.

Ymmmmmmmm e e mee——mememmmmmemmmmemeeeemmeesmm——————o--—=—me-—--
Plle: array. def.ml
Author: {c) P. J. Windley 1992
Description:

Prove auxilliary theorems about functions sc that functions
can be easily used to represent arrays.

Modification History:

24FEB92 -- Original file. Many of the thecrems included were
motivated by theorems defined on lists in
list_aux.ml.

26FEB92 -- [DAF) Modified order of parameters in calls to

ALTER, MALTER, SUBARRAY to match simulation

language syntax. Added definition of ELEMENT.

040CT92 -- [DAF] Added thecrem SUBARRAY_MALTER_IDENT.
140CT92 -- [DAF] Added definition DBF_SIZE.

290CT92 -- [DAF] Added definition ARBN (from wordn_def).
14DBC92 -- [DAF] Added theorem SUB_SUBARRAY.

set_search_path (search path() @ (' /home/elvisé/dfura/ftep/piu/hol/iib/’;
' /home /elvis6/dfura/hol/ml/’
1) s

system ‘rm array_ def.th’;;
new_theory ‘array_def’;;
loadf ‘aux_defs’;;

load_library ‘reduce’;;

Auxilliary array definitions and theorems.

We will use functions to represent arrays. The definition
that follows defines a ALTER function that can be used to set
the nth member of an array. The following lemmas are useful
in reasoning about array operatioms.

let ALTER_DEF = new_definition
('ALTER_DRF’,
“ALTRR (£:*->**) nx = (\m. (m = n) => x | (£ m))”
| R¥]

let ALTER_THM = prove_thm
{'ALTBR_THM',
“ALTER (£:*->**) nxy = (y=n) => x| (£y)”,
REWRITE_TAC [ALTER_DEF]
THEN BETA_TAC
THEN RRBFL_TAC
Yii



let ALTER_EQUAL = prove_thm
( ‘ALTER_EQUAL’,
“y xn (£:*->**) . (ALTER £ n xX) n = x”,
REPEBAT GEN_TAC
THEN REWRITE_TAC [ALTER_DEF]
THEN BETA_TAC
THEN REWRITE_TAC []

let ALTER_NON_BQUAL = prove_thm
( /ALTER_NON_BQUAL’,
“)l am (f£:*->**) x .
~{n = m) ==>
(f n = (ALTER £ m x) n)”,
REPEAT GEN_TAC
THEN REWRITE_TAC [ALTER_THM]
THEN STRIP_TAC
THEN ASM_REWRITE_TAC []
Yis

let ALTER_COMMUTE = prove_thm
( ‘/ALTER_COMMUTE' ,
#1 (dl:*) A2 (£:*->**) (x:**) y .
~(dl = d2) ==>
((ALTER (ALTER f d2 x) Al y) =
(ALTBR (ALTER f d1 y) 42 x))”,
RBPRAT GEN_TAC
THEN CONV_TAC (ONCE_DRPTH_CONV FUN_EQ_CONV)
THEN REWRITE_TAC (ALTER_THM]
THEN STRIP_TAC
THEN GEN_TAC
THEN REPEAT COND_CASES_TAC
THEN ASM_REWRITE_TAC []
THEN UNDISCH_TAC *~((dl:*) = d2)~
THEN ASSUM_LIST (\thl . REWRITE_TAC (map SYM_RULE thl))
Viz

Until now, it hasn’t mattered what the type of the subscript is
and so the previcus lemmas were all general, even though
someone using them to representa arrays, would probably be
using numbers as subscripts.

Now, we want to reason about subarrays given as a sequence from
a starting value to an ending value. This presupposes that the
subscripts can be totally ordered. To make life easy, we won't
be that general, but will use numbers as subscripts.

let SUBARRAY_DRF = new_definition
( 'SUBARRAY_DEF',
“! nm (£inum->*)
SUBARRAY £ (m,n) = \x. ((x+n) <= m) => f£(x+n) | ARB”
Yis

let SUBARRAY_THM = prove_thm
{(’SUBARRAY_THNM',
“! om (£:oum->*)
SUBARRAY £ (m,n) x = ((x+n) <= m) => £(x+n) | ARB~,
REPRAT GEN_TAC
THEN REWRITE_TAC [SUBARRAY_DERF)



THEN BETA_TAC
THEN REPFL_TAC
Y1

let ELEMENT DEF = new_definition
( 'RLEMENT_DEF ',

“! m (f:oum->*)

RLEMENT £ (m) = £ m”
Yi:

let MALTER_DEF = new_definition
( 'MALTER_DEF',
“ nmf (gioum->*)
MALTER £ (m,n) g =
\X. (B <= x /\ X <= m) => g (x-n) | £ x”
Y

let MALTER_THEM = prove_thm
{ 'MALTER_THM',
“y pm (x:pum) g (fioum->*) .
MALTER £ (m,n) g X = (B <= x /\ x <=m) => g (x-n) | £ x”,
REPEAT GEN_TAC
THEN REWRITE_TAC (MALTER_DEF]
THEN BETA_TAC
THEN REPL_TAC
Y1

let MALTER_SUBARRAY_IDENT = prove_thm
( *MALTER _SUBARRAY_IDENT',
“}In m (£:pum->*) . MALTER £ (m,n) (SUBARRAY f (m,n)) = £%,
REPEAT GEN_TAC
THEN CONV_TAC (ONCE_DBPTH_CONV FPUN_EQ_CONV)
THEN REWRITE_TAC [{MALTER_THM; SUBARRAY_THM]
THEN GEN_TAC
THEN REPERAT COND_CASRS_TAC
THEN ASM_REWRITE_TAC []
THEN ASSUM_LIST (\thl . MAP_BVERY ASSUMB_TAC
(£lat (map CONJUNCTS (filter (is_comnj o concl) thl))})
THEN IMF_RES_TAC SUB_ADD
THEN TRY (UNDISCE_TAC “~((n‘ - n) + n) <= m")
THEN ASM_REWRITE_TAC []
Y1

let MALTER_SUBARRAY_ SUBSCRIPTS = prove_thm
( ‘MALTER_SUBARRAY_SUBSCRIPT',
“Inmx (L:roum->*) g .

MALTER £ (m,n) (SUBARRAY g (m,n)) X =
(n<=x /\ X <=m) =>gx | £ x",
REPEAT GEN_TAC
THEN CONV_TAC (ONCE_DEPTH_CONV FUN_EQ_CONV)
THEN REWRITE_TAC [MALTER_THM; SUBARRAY_THM)
THEN REPEAT COND_CASES_TAC
THEN ASM_REWRITE_TAC []
THEN ASSUM_LIST (\thl . MAP_EVERY ASSUME_TAC
(flat (map CONJUNCTS (filter (is_conj o concl) thl))))

THEN IMP_RES_TAC SUB_ADD
THEN TRY (UNDISCH_TAC “~({(x - n) + n) <= m”)
THEN ASM_REWRITE_TAC []
)i

let lemmal = TAC_PROOF
{(([], *!{a sbool) (bcd :*) . a=> (a=D lc) td=(a=>b | d)"),
REPEAT GEN_TAC
TEEN REPEAT COND_CASES_TAC
THEN REWRITE_TAC|[]
Vi



let lemma2 = TAC_PROOP
(({]1, *! (a bc :num) . (b <=c¢) ==> (((a + b) <=¢) = (a <=c - b))}"),
REPEAT STRIP_TAC
THEN PURE_REWRITE_TAC ([SPECL [“a:num”;”c:num - b:num”;”b:num”]
(SYM_RULE LESS_EQ MONO_ADD_EQ)}
THEN IMP_RES_TAC (SPECL [“b:num”;~”c:num”] SUB_ADD)
THEN ASM_REWRITE_TACI(]
Yis

let ARBN = new_definition
(‘ARBN’, =
“{ARBN:num->*) = \n. ARB”
| F¥]

let SUBARRAY MALTER_IDENT = prove_thm
( 'SUBARRAY_MALTEBR_IDRBNT',
“i{(man :pum) (£ g h :num->*)
((n <= m) /\
(g = MALTER ARBN ((m-n),0) h))
==)>
(SUBARRAY (MALTER £ (m,n) g) (m,n) = g)~,
REPEAT STRIP_TAC
THEN CONV_TAC (ONCE_DEBPTH_CONV FUN_EQ_CONV)
THEN ASM_REWRITE_TAC [MALTER_THM;SUBARRAY_THM; ARBN;
SPECL [“n’:num”;”n:num”] ADD_SUB;
SPEC “n’:num” ZERO_LESS_EQ;
SPEC “n’:num” SUB_O0;
SPECL [“n:num”;”n’:num”]
(ONCE_REWRITE_RULE [ADD_SYM] LESS_EQ ADD)]
THEN IMP_RES_TAC (SPECL [“n’:num”;”n:num”;"m:num”] (SYM_RULE lemma2))
THEN ASM_REWRITE_TAC(lemmal)
)i

let SUB_SUBARRAY = prove_thm

('SUB_SUBARRAY ',
#y (£ inum->*) (m n p :num) .

(m <= p) ==>

(SUBARRAY (SUBARRAY f (p,0)) (m,n) = SUBARRAY f (m,n))”,

REPRAT STRIP_TAC
THEN CONV_TAC (ONCE_DEBPTH_CONV FUN_EQ CONV)
THEN REWRITE_TAC ([SUBARRAY_THM;ADD_CLAUSES)
THEN GEN_TAC
THEN ASM_CASRS_TAC “(n’+n) <= m”
THEN IMP_RRS_TAC (SPECL [“n‘+a”;” m:num”;“p:num”] LESS_EQ_TRANS)
THEN ASM_REWRITE_TACI(]
| EN]

let DEF_SIZE = new_definition
('DEP_SIZR’,
“y (£ :pum->*) (n :num) .
DEF_SIZE £ n = MALTER ARBN (n,0) £~
Vi

close_theory():;

File: wordn_def .ml
Description:

Defines a theory of words which contains a definition for
converting between functions from numbers to booleans and
natural numbers and proves various useful theorems about
this definition. This file is based on a theory that was
orginally authored by Graham Birtwhistle of the University
of Calgary in 1988.

Authors: (c¢) Graham Birtwhistle, Phillip Windley, 1988, 1992

Modification History:



28FEB92 -- [PJOW] Original file from words.ml

10MARS2 -- [POW] Added definitiocn of WORDN.
13MAR92 -- [DAF] Added definitions of bv, SETN, RSTN, GNDN,
NOTN, INCN, DECN.

130CT92 -- [DAF] Added definition of ANDN, ORN.

O1DEBC92 -- [DAFP] Added theocrems VAL_WORDN_IDENT_ 3,
WORDN_3_NOT_EQUAL.

set_search path (search_ path() 6 [’ /bome/elvisé/dfura/hol/Library/tools/’;
' /home/elvis6/dfura/hol/ml/ ']}

system ‘/bin/rm wordn_def.th’;;
new_theory ’‘wordn_def’;;

loadf ‘aux_defs’;;

map new_parent [’piluaux def’];;

map load parent [‘array_ _def’;’'ineq’l:;
new_type_abbrev (‘wordn’,”:num->bool”);;

load_library ‘reduce’;;

let bv = new_definition
(‘bv’, -
#1 (bibool) .
bvb = (b) =>1| 0"
Yis

let VAL = new_prim rec_definition
(’VAL’,
“(VAL 0 (f:wordm) = bv (£ 0))
/\
(VAL (8UC n) £ = ({(2 EXP (S8UC n)) * (bv (£ (SUC mn)))) + VAL n £)”
Yi:

let pos_val = new_definition
(‘pos_val’,
») (x:wordn) (y:num) .
pos_val x y = (bvi(x y)) * (2 EXP y)”
Yii

let ONES = new_prim rec_definiticn
(’ONBS’,
“(ONBS O a = (a 0))
/\
(ONBS (SUC n) a = (a(8UC n)) /\ (ONES n a))
)31

let ZEROS = new _prim rec_definition
(’ZEROS’,
~“{ZEROS 0 a = ~(a 0))
TAN
(ZRROS (SUC n) a = ~(a{SUC n}) /\ (ZBROS n a})
“ 1

let WORDN = new_definition
( 'WORDN"’,
#y (n x:1num) .
WORDN o x = \m. {(m <= n) => ((x DIV (2 EXP m)) MOD 2 = 1) | ARB”



Yi1

let SETN = new_definition

(‘SETN’,

“y (x:num) . SETN x = \(n:num). (n <= x) => T | ARB”
Yii

let RSTN = new_definition

(‘RSTN’,

“! (x:mum) . RSTN x = \(n:num). (n <= x) => ¥ | ARB”
Yis

let GNDN = new_definition
(‘GNDN"’,
“1 (xipum) (t:time)

GNDN x t = ({(\(n:num). (n <= x) => P | ARB),
(\(n:oum). (n <= x) => F | ARB))”
Yis
let NOTN = new_definition
('NOTN’,
#) (xipum) (f:wordn) . NOTN x £ = \(n:num) . (n <= x) => ~(f n)
Yis
let ANDN = new_definition
(ANDN’,
#] (x:num) (f g :wordnm)
ANDN x £ ¢ = \(n:num) . (n <= x) => ((f n) /\ (g n)) | ARB”
)i
let ORN = new_definition
(‘ORN’,
“! (x:inum) (f g :wordm) .
ORN x £ g = \(n:mum) . (n <= x) => ({(f n) \/ (g n})) | ARB”

(N ¥

let INCN = new_definition
(*INCN’,

“,' n g .

INCN D £ = (ONES n f) => RSTN n | WORDN n ((VAL n £) + 1)~
Yis

let DECN = new_definition
( ‘DECN’,
“) n £ .
DECN n £f = (ZBROS n £f) => SETN n | WORDN n ((VAL n £) - 1)*
Yis

let VAL_WORDN_IDENT_1 = prove_thm
(’VAL_WORDN_IDENT 1°‘,
“l ntpum ., D <= 3 ==> (VAL 1 (WORDN 1 n) = n)*,
REWRITE_TAC [VAL;WORDN;bv;num_CONV ~1~7;
LESS_RQ_3_CASES]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THEN REDUCR_TAC
Yz

let SIZE_1 = new_definition
(‘S1ZB_1°,
#“) x swordn . SIZE_1 x = lninum, -n <= 1 ==> (x n = ARB)”~
Yi:

let WORDN_VAL_IDENT_1 = prove_thm
( "WORDN_VAL_IDENT_1’,
¥y x wordn . SIZE_1 x ==> (WORDN 1 (VAL 1 x) = x)”,
REWRITE_TAC [SIZE_l;num CONV “1~;VAL;WORDN;bv]
THEN GEN_TAC
THEN RBEDUCR_TAC
THEN REPEAT STRIP_TAC
THEN CONV_TAC (ONCE_DEPTH_CONV PUN_ERQ_ CONV)

ARB”



THEN BETA_TAC

THEN GEN_TAC

THEN COND_CASES_TAC

THEN RES_TAC

THEN ASM_REWRITE_TAC[]

THEN IMP_RES_TAC LESS_BQ 1 CASES
THEN ASM_REWRITE_TAC[]

THEN BOOL_CASES_TAC “(x 0):bool”
THEN BOOL_CASES_TAC “(x 1):bool”
THEN ASM_REWRITE_TAC[]

THEN REDUCE_TAC

Yis

let SIZE_SUBARRAY_ 1 = prove_thm
(*SIZE_SUBARRAY_1°‘,
#) x 1wordn . SIZE_1 (SUBARRAY x (1,0))”",
REWRITE_TAC [SIZB_1;SUBARRAY_DEF;ADD_CLAUSES]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([]
Yis

let VAL_WORDN_IDENT_3 = prove_thm
( 'VAL_WORDN_IDBNT_3',
¥y pn tnpum . N <= 15 ==> (VAL 3 (WORDN 3 n) = n)~,
REWRITE_TAC [VAL;WORDN;bv;num_CONV “3~7;pum CONV ~2”;num CONV “17;
LESS_RQ_15_CASES]
THEN BETA_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
THEN REDUCE_TAC
Yis

let lemmal = TAC_PROOP
(([), “t (xy s*) (£ :1*>**) . (x =y) ==> (£ x = £ y¥)"),
REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC[]
Yi:

% |- ilnm. N <= 3 ==>m <= 3 ==> ~(m = n) ==> ~(WORDN m = WORDN n) %

let WORDN_1 NOT_EQUAL = save_thm
( “WORDN_1_NOT_BQUAL’,
GEN_ALL
(DISCH_ALL
({REWRITE_RULE
[xp
(SPEC ~n:num” VAL_WORDN_IDENT_1)
(ASSUMEB “n <= 37)
:
MP
(8PEC “m:num” VAL_WORDN_IDENT_1)
(ASSUME “m <= 37)]
(CONTRAPOS (ISPECL [“WORDN 1 m”; "WORDN 1 n”;”VAL 1#] lemmal))})
Yi1

% |- Inm. D <= 15 ==> m <= 15 ==> ~(m = n) ==> ~(WORDN m = WORDN n} %

let WORDN_3_NOT EQUAL = save_thm
( 'WORDN_3_NOT_EQUAL’,
GEN_ALL
{DISCH_ALL
(REWRITE_RULE
[NP
(SPEC “ninum” VAL_WORDN_IDENT_3)
(ASSUME “n <= 157)
1
NP
(SPEC “m:num” VAL_WORDN_IDENT_3)
(ASSUME “m <= 157)]
(CONTRAPOS (ISPBCL [“WORDN 3 m”;“WORDN 3 n”;”VAL 3] lemmal))}))
Vi



Theorems
................................................................ %
let VAL_WORDN_IDENT = mk_thm
([{1,”! (n x :num) . (x < (2 EXP (SUC n)}) ==> (VAL n (WORDN n x) = x)");;

let WORDN_VAL_IDENT = mk_thm
(L1,
#y (n :pum) (x :wordnm)
(VAL b x < (2 EXP (SUC n))) ==> (WORDN n (VAL n x) = x)}”
Y

% Removed theorems for now 13MARS2. [DAF]

let MAXWORD = prove_thm
{ “MAXWORD ',
« 1 nb. (VAL D b) < (2 EXP (SUC n))~,
INDUCT_TAC
THEN GEN_TAC
THEN PURE_ONCE_REWRITE_TAC [ VAL ]
THENL {
PURE_REWRITE_TAC [ EXP; MULT_CLAUSES; maxbit ]
H
BOOL_CASES_TAC “(b(8SUC n)):bool”
THREN REWRITE_TAC ([ bv; ADD_CLAUSES; MULT_CLAUSES ]
THENL [
PURR_ASM_REWRITE_TAC
[ SPEC ~SUC n” EXP_DOUBLES ; MULT_BY_2 ;
(PURE_ONCE_REWRITE_RULE (ADD_SYM] LESS_MONO_ADD_EQ) 1
}
POP_ASSUM
(\ th. ACCERPT_TAC
(MATCH_MP LESS_TRANS
(CONJ (SPEC “b~ th)
(SPEC ¥SUC n” EXP_MONO)))})
]
]
Y11

let MAXWORD2 = prove_thm
{ ‘MAXWORD2 ',
“} pacin . ((VAL n a) + (bv cin)) <= (2 EXP (SUC n)}”,
REPEAT GEN_TAC
THREN PURE_ONCE_REWRITE_TAC (bv]
THEN COND_CASES_TAC
THEN PURE_REWRITE_TAC [ADD_CLAUSES]
THENL
[ MATCHE_ACCEPT_TAC
(MATCH_NP LESS_OR (SPEC_ALL MAXWORD) )

i
MATCH_ACCEPT_TAC
(MATCH_MP LESS_IMP_LESS_OR_RQ (SPEC_ALL MAXWORD) )
]
Vi

let ALL_ONES = prove_thm
('ALL_ONEBS',
#“ { naein .
((VAL n a) + (bv cin) = 2 EXP (SUC n))
= (ONBS n a) /\ cin”,
INDUCT_TAC THEN REPEAT GEN_TAC
THEN ASM_REWRITB_TAC [ VAL; ONES ]
THENL
{ REWRITB_TAC [ EXP; MULT_CLAUSES; bvil 1
1
BOOL_CASES_TAC ~a(SUC n) 1bool”
THEN REWRITE_TAC ([ bvals: ADD_CLAUSES; MULT_CLAUSES 1
THENL
{ ASM_REWRITE_TAC
[ MULT_BY_2; SPBC ~SUC n” BXP_DOUBLES;



SYM_RULE ADD_ASSOC;
(PURE_ONCE_REWRITE_RULB [ ADD_SYM ] EQ_MONO_ADD_BQ)
]
:
ACCEPT_TAC (MATCH_MP LEQ_2_EXP (SPRC_ALL MAXWORD2))
]
]
Yis

let OVERFLOW = prove_thm
( OVERFLOW’, -
“ {na. (ONES n a) ==> (((VAL n a) + 1) = (2 EXP (SUC n)))",
REPEAT STRIP_TAC
THEN IMP_RES_TAC (snd (BQ_IMP_RULE (SPEC_ALL ALL_ONEBS)))
THEN POP_ASSUM
{ ACCEPT_TAC
© (REWRITE_RULE [ ASSUME “ONES n a”; bvals; SYM_RULE (pnum CONV “17)])
)
)i

let NOTOVERFLOW = prove_thm
{ 'NOTOVERFLOW'’,
“ { na . ~(ONBS n a /\ cin)
==> ((VAL n a) + (bv cin)) < (2 BEXP (SUC n))",
REPRAT GEN_TAC
THEN PURB_REWRITE_TAC [SYM_RULE ALL_ONRS]
THEN 3TRIP_TAC
THEN STRIP_ASSUME_TAC
(PURE_ONCE_REWRITE_RULE [LESS_OR_EQ]
(SPRC_ALL MAXWORD2) )
THEN RES_TAC
Y1

g
“in (wiwordn) . ZEROS n w = ((VAL n w) = 0)%;;

L

REPEAT GEN_TAC

THEN EQ_TAC

THEN SPEC_TAC (“n:num”, *n:num”)

THEN INDUCT_ TAC

THEN REWRITR_TAC [ZERROS;VAL]

THEN STRIP_TAC

THEN REBS_TAC

THEN ASM_REWRITE_TAC {bv;MULT CLAUSES;ADD_CLAUSES])
Yis

%

close_theory();;

B e e e e e —m e —mmmm mm e e ————————————————————————————————————
File: busn_def.ml
Author: (c) D.A. Pura 1992
Date: 14 December 1992

system ’‘rm busn_def.th’;;

nevw_theory ‘busn_def’;;

set_search_path (search_path() @ [‘/home/elvisé/dfura/ftep/piu/hol/lib/’;
‘/home/elvis6/dfura/hol/ml/’;

‘/home/elvisé/dfura/hol/Library/tools/’
1)1
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loadf ‘aux_defs’;;
map new_parent [‘piuaux_def’; ‘array_def’; ‘wordn_def’;’ineq’];:

new_type_abbrev(‘time’,”:num”};;
new_type_abbrev(‘'wordn’, ”":pum->bool”);;

let ARBN = definition ‘array_def’ ‘ARBN';;
let SUBARRAY DEF = definition ‘array_def’ *SUBARRAY DEF’;;

let wire =
define_type ‘wire’
‘wire = HI | LO | X | Z*;;

new_type_abbrev (’busn’,”:num->wire”);;

let boolVAL = new_definition
( ‘boolVAL’,
*! (w :wire) .
boolVAL w = (w = HI) => T |
(w = LO) => F | ARB”
Vi

let WIRE = new_definition
(‘WIRR’,
“1 (b tbool) . WIRE Db = (b = T) => HI | LO”
Vi

let boolVAL_WIRE_IDENT = prove_thm
{ ‘boolVAL_WIRE_IDBNT',
#1 (b 1bool) . boolVAL (WIRE b) = b~,
REWRITE_TAC [boolVAL;WIRE]
THEN GBEN_TAC
THEN BOOL_CASES_TAC “b:bool”
THEN REWRITE_TAC [SYM_RULE (prove_constructors_distinct wire)l
Yi:

let WIRE_boolVAL_IDENT = prove_thm
( "WIRE_boolVAL_IDENT',
*1 (w :wire) . (w = HI) \/ (w = LO) ==> (WIRE (boolVAL w) = w)*,
REWRITB_TAC (WIRE;boolVAL]
THEN INDUCT_THEN (prove_induction_thm wire) ASSUME_TAC
THEN REWRITE_TAC [SYM_RULE (prove_constructors_distinct wire)l
Yia

let wordnVAL = new_definition
( ‘wordaVAL’,
#y (£ :busn) .
wordnVAL £ =
\(x:pum). (f x = HI) => T |
(£ x = 1LO) => F | ARB”
Yis

let BUSN = new_definition
(“BUSN‘,
#)] (f s;wordnm)
BUSN £ =
\(x:pum). (£ x = T) => HI | LO”
Yas
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let wordnVAL_BUSN_IDENT = prove_thm
{ ‘wordnVAL_BUSN_IDENT‘,
#) (f ijwordn) . wordnVAL (BUSN f) = f~,
REWRITE_TAC [wordnVAL; BUSN]
THEN GEN_TAC
THEN CONV_TAC (ONCE_DEFPTH_CONV PUN_EQ _CONV)
THEN GEN_TAC
THEN BETA_TAC
THEN BOOL_CASES_TAC # (£ :num->bool) n*
THEN ABN_RBWRITB_TAC[SYM_RULB(provo_conjtructors_distinct wire)]

let Offn = new_definition
(‘Offn’,
~0ffn = \(x:pum). Z~
Vi

let wordnVAL_Offn = prove_thm
( ‘wordnVAL_Offn’,
“wordnVAL Offn = ARBN”,
REWRITE_TAC [wordnVAL;Offn;ARBN;
SYK_RULB(provo_con-tructorl_dist1nct wire)]
Y

let OFPP = new_definition
{'OFFP’,
“i (w twire) .
OFFP w = (w = 2)"
Yai

let ONP = new_definition
(’ONP’,
*) (w swire) .
ONP w = ((w = HI) \/ (w = LO) \/ (w = X))”
Vi

let OFFPnP = new_definition
(‘OFPRP’,
#y (£ ibusn) {(m n :num) .
OFFnP £ (m,n) = !(x:pum). (D <= x /\ X <= m) ==> (£ x = 2)"
Yia

let ONnF = new_definition
(‘ONnP’,
#t (£ :busn) (m n :pum) .
ONnP £ (m,n) =
t(x:oum}. (n <= x /\ X <= m) ==> ((£ x = HI) \/ (£ x = LO) \/ (£ x = X})”
Y13

let OFPDP_BUSN = prove_thm
(‘OFPnP_BUSN’,
#] (£ :iwordn) (m n :pum) . D <= m ==> (OFFDP (BUSN £} (m,n) = P)”,
REWRITE_TAC [OFPnP;BUSN)
THEN BETA_TAC
THEN REFPEAT GEN_TAC
THEN REWRITE_TAC [NOT_FORALL_CONV “.(iXx. B <= X /\ X <= m ==>
((f x => HI | LO) = Z))"]
THEN DISCH_TAC
THEN EXISTS_TAC “n:num”
THEN ASM_CASRS_TAC “(f:wordm) n”
THEN ASH_RIIRITR_TAC[LBSS_BQ_RSPL:provo_conscructors_diutinct wire]
Yi:

let ONnP_BUSN = prove_thm
(‘ONnP_BUSN’,
#; (£ ;wordn) (m n :num) . ONnP (BUSN £) (m,n) = Tv,
REWRITE_TAC [ONnP;BUSN]
THEN BETA_TAC
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THEN REPEAT STRIP_TAC

THEN BOOL_CASES_TAC “(f:num->bool) x”
THEN REWRITE_TAC(])

Vi

let OFPFNP_Offn = prove_thm
{*OFPnP_oOffn’,
“y (mn tnum) . n <= m ==> (OPFnP Offn (m,n) = T)~,
REWRITE_TAC [OFFnFP;Offn])
Vi

let ONnP_Offn = prove_thm
(*ONnP_Offn‘,
“ (mn :npum) . 0 <= m ==> (ONnP Offn (m,n) = F)~,
REWRITB_TAC [ONnP;Offn;SYM_RULE(prove_constructors_distinct wire);
NOT_FORALL_CONV “~(!X. ~(n <= X /\ X <= m))*]
THEN REPEAT STRIP_TAC
THEN EXISTS_TAC “n:num”
THEN ASM_REWRITE_TAC [LESS_EQ_ REFL]
Y

close_theory();;

File: templogic_def.ml
Author: (c) D.A. Pura 1992-93

Date: 21 February 1993

set_search_path (search_path(}) @ [‘'/home/elvisé/dfura/ftep/piu/hol/pport/’;
‘/home /elvis6/dfura/ftep/piu/hol/lib/’;
'/home /elvis6é/dfura/hol/Library/tools/;
‘/bome/elvisé/dfura/hol/ml/ "’
IR

set_flag (‘timing’,true);;
system ‘rm templogic_def.th’;;
new_theory ‘templogic_def’;;
loadf ‘aux_defs.ml’;;

map new_parent [‘piuaux_def’;’array_def’; ‘wordn_def’; ‘busn_def’);;
map load_parent {‘assoc’;’ineq’]l;;

new_type_abbrev (‘time’,”:num”);;
load_library ‘reduce’;;
locadf ‘pt_tacs.ml’;;

let M_LESS_0_LRBSS = TAC_PROOP

(e,
“I'mn. (m < n) ==> (0 < n)*},
INDUCT_TAC
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THEN IMP_RES_TAC LT IMP_LR
THEN IMP_RES_TAC SUC_LE_IMP_LT
THEN RES_TAC

Y
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let STABLE = new_definition
(*STABLR’,
#} (x :time->*) (tl t2 :time) .
STABLE x (tl1,t3) =
(tl <= t2) /\
(1t u stime. (tl <= t /\ t <= t2 /\ tl <= u /\ u <= t2) ==> {(x t =x u))”
Yi:

let STABLE_TRUR = new_definition
{STABLE_TRUR’, =
#1 (x i1time->bocl) (tl t2 :time) .
STABLE_TRUE x (tl1l,tl) =
(t1 <= t2) /\ (tt:time. (tl <=t /\ t <= t2) ==> (x t))”
Yii

let STABLE_PALSE = new_definition
('STABLE_FALSE’,
#] (x itime->bool) (tl t2 :time)
STABLE_FALSE x (tl1,t2) =
(t1l <= t32) /\ (it:time. (tl <= t /\ t <= t2) ==> (-x t)}~
)i

let STABLE_FALSE_THEN_TRUE = new_definition
('STABLE_FALSE_THEN_TRUE’,
#)} (x itime->bool) (tl t2 :time} .
STABLE_FALSE_THEN_TRUR x (tl, t2) =
(tl <= t2) /\ (it:time. (tl <= ¢t /\ t < t2) ==> (~x t)) /\ (x t2)~*
Y13

let STABLE TRUE_THEN_FALSE = new_definition
{'STABLE_TRUE_THEN FALSE’,
] (x :time->bool) (tl t2 :time) .
STABLE_TRUR_THEN_PFALSE x (tl,t2) =
(tl <= t2) /\ (ltitime. (tl <= t /\ t < t2) ==> (x t)) /\ (-x £2)”
Yii

let FALSE_THEN_STABLE_TRUE = new_definitiom
( ‘PALSE_THEN_STABLE_TRUE’,
#y (x itime->bool) (tl t2 :time) .
FALSE_THEN_STABLE_TRUE x (tl,t2) =
(£l <= t2) /\ (~x tl1) /\ (it:time. (t1l < t /\ t <= t2) ==> (x t))”
)i

let TRUE_THEN_STABLE_FALSE = new_definition
(*TRUE_THEN_STABLE_FALSE’,
#1 (x i1time->bool) (tl t2 :time)} .
TRUE_TEEN_STABLE_FALSE x (t1,t2) =
(tl <= t2) /\ (x t1) /\ (lt:time. (tl < £t /\ t <= t2) ==> (-X th)”

let TIME_TRUB = new_definition
(’TIME_TRUR',
#y (x :itime->bool) (t0 t9 t :time)
TIME_TRUE x (t0,t9) t =
(t0 <= t) /\ (t <= £8) /\ (x t)”
Yia

let TIME_FALSE = new_definition
(‘’TIMB_FALSE’,
#) (x :time->bool) (t0 t9 t :time) .
TIMBE_PALSE x (t0,t9) t =
(t0 <= t) /\ (t <= t9) /\ (~x £}~
Y1

let N_TIMES_TRUE = new_prim_rec_definition

(’N_TIMRS_TRUE’,
~(N_TIMBS_TRUE 0 x t0 t9 =
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?t:time. STABLE_FALSE_THEN_TRUR x (tO,t) /\
(t < t9 ==> STABLE_FALSE x (t+l,t9))) /\
(N_TIMES_TRUE (SUC n) x t0 t9 =
?t:time. STABLE_FALSE_THEN TRURE x (tO,t) /\
N_TIMBS_TRUE n x (t+l) t9)}”
bis

let N_TIMES PALSE = new_prim rec_definition
( 'N_TIMES_FALSE’,
#(N_TIMES_PALSE 0 x t0 t9 =
?7t:time. STABLE_TRUER_THEN_FALSE x (t0,t) /\ -
(t < t9 ==> STABLE_TRUEB x (t+1,t9))) /\
(N_TIMEBS_FALSE (SUC n) x t0 t9 =
7t:time. STABLE_TRUE_THEN_FALSE x (t0,t) /\
N_TIMES_FALSE n x (t+l) t9)¥
Yis

let LESS_THAN_N_TIMES_TRUE = new_prim_rec_definition
(/LEBSS_THAN_N_TIMBS_TRUB',
#(LESS_THEAN_N TIMES_TRUE 0 x tO t9 = STABLE_FALSE x (t0,t9)) /\
(LESS_THAN_N_TIMES_TRUE (SUC n) x t0 t9 =
N_TIMBS_TRUR n x tO t9 \/
LESS_THAN_N_TIMES_TRUB n x t0 t9)~
Vi1

let LESS_THAN_N_TIMES_FALSE = new_prim _rec_definition
('LESS_THAN_N_TIMES_FALSE’,
» (LRSS _THAN_N_TIMES_FALSE O x t0 t9 = STABLE_TRUE x (t0,tS)) /\
(LERSS_THAN_N_TIMES_FALSE (SUC n) x t0 t9 =
N_TIMES_FALSE n x t0 t9 \/
LESS_THAN_N_TIMES_PALSE n x t0 t9}”
Yis

let NTH_TIME_TRUE = new_prim rec_definition
('NTH_TIMB_TRUE’,
“(NTH_TIME_TRUE O x t0 t9 = STABLE_FALSE_THEN_TRUE x (t0,t9)} /\
(NTH_TIME_TRUR (SUC n) x t0 t9 =
?7(titime) . NTE_TIME_TRUER n x t0 t /\
STABLE_FALSE_THEN_TRUE x (t+1,t9)}”
Vi1

let NTH_TIME_FALSE = new_prim rec_definition
('NTH_TIMB_PFALSE’,
“(NTH_TIME_FALSE O x t0O t9 = STABLE_TRUE_THEN_FALSE x (t0,t9)) /\
(NTH_TIME_FALSE (8UC n) x t0 t9 =
?(t:time) . NTH TIME FALSE n x t0 t /\
STABLE_TRUE_THEN_FALSE x (t+1,t9))”~

let CHANGES_TRUE = new_definition
{'CHANGES_TRUE'’,
#] (x itime->bool) (t itime)
CHANGES _TRUER x t =
((t = 0) \/ ~x (£-1)) /N x ¢t~
Y11

let CHANGES_FALSE = new_definition
{ ‘"CHANGES_FALSE’,
“! (x ttime->bool) (t :time) .
CHANGES_FALSE x t =
({t = 0) \/ x (t-1)) /\ ~x t~
Vit

let N_TIMES_CHANGES_TRUE = new_definition
('N_TIMBS_CHANGRES_TRUEB',
“} (n snum) (x itime->bool) (t0 t9 :time) .
N_TIMBS_CHANGES _TRUE n x t0 t9 =
N_TIMES_TRUE n (\t. CHANGES_TRUER x t) t0 t9~
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)is

let N_TIMES_CHANGES_FALSE = new_definition
('N_TIMES_CHANGES_FALSE’,
#y (n :num) (x 1time->bool) (t0 t9 :time) .
N_TIMES_CHANGES_FALSE n x tO0 t9 =
N_TIMBS_TRUE n (\t. CHANGES_FALSE x t) t0 t9”
Vi1

let LESS_THAN_N_TIMES_CHANGRS_TRUE = new_definition
(LESS_THAN_N_TIMBS_CHANGES_TRUE’, =
#y (n :num) (x :time->bool) (t0 t9 :time) .
LBSS_THAN_N_TIMES_CHANGES_TRUE n x t0 t9 =
LBSS_THAN_N_TIMES_TRUE n (\t. CHANGES_TRUB x t)} t0 t9~”
Vi

let LESS_THAN_N_TIMES_CHANGES_FALSE = new_definition
(‘LESS_THAN_N_TIMES_CBANGEBS_FALSE’,
#] (n :num) (x :time->bool) (t0 t9 :time) .
LESS_THAN_N_TIMEBS_CHANGES_FALSE n X t0 t9 =
LESS_THAN_N_TIMES_TRUE n (\t. CHANGES_FALSE x t) t0 t9~
Yai

let NTH_TIME_CHANGES_TRUE = new _prim_rec_definition
( *NTH_TIME_CHANGES_TRUR’,
# (NTH_TIME_CHANGES_TRUE 0 x t0 t9 = STABLE_FALSE_THEN_TRUE X (e0,t9})) /\
(NTH_TIME_CHANGES_TRUE (SUC n) x t0 t9 =

7t u :time.
NTH_TIME_CEANGES_TRUE n x tO t /\
STABLE_TRUE_THEN_FALSE x (t,u) /\
STABLE_FALSE_THEN_TRUE x (u,t9))~”

Yii

let NTH_TIME_CHANGRS_FALSE = new _prim rec_definition
( *NTH_TIME_CHANGES_FALSE’,
« (NTH_TIME_CHANGES_FALSE 0 x t0 t9 = STABLE_TRUE_THEN_FALSE x (e0,t9)) /\
(NTE_TIME_CHANGES_FALSE (SUC n) x t0 t9 =

7t u :time.
NTH_TIME_CHANGES_FALSE n x t0 t /\
STABLE_FALSE_THEN_TRUE x (t,u) /\
STABLE_TRURB_THEN_PALSE x (u, t9 )~

let STABLE_HI = new_definition
('STABLE_HI',
#1 (x itime->wire) (tl t2 :time) .
STABLE_HI x (tl,t2) =
(tl <= t2) /\ (it:time. (tl <= t /\ t <= t2) ==> (x t = HI))”
Vi

let STABLE_LO = new_definition
('STABLB_LO’,
#y (x i1time->wire) (tl t2 itime) .
STABLE_LO x (tl,t3) =
(tl <= t2) /\ (ltitime. (tl <=t /\ t <= t2) ==> (x t = LO))"
Yia

let STABLE_LO_THEN_HI = new_definition
(/STABLE_LO_THEN_HI’,
“] (x :time->wire) (tl1l t2 :time) .
STABLE_LO_THEN_HI x (tl1,t2) =

(tl <= t2) /\
(tt:time. (t1l <= t /\ t < t2) ==> (x t = LO)) /\
(x t2 = HI)”

Yis

let STABLE_HI_THEN_LO = new_definition
('STABLER_HI_THEN_LO',
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#“} (x :time->wire) (t1 t2 :time) .
STABLE_HI_THEN 1O x (t1,t2) =
(tl <= t2) /\
{tt:time. (tl <=t /\ €t < t2) ==> (x t = HI)) /\
(x t2 = LO} "
¥

let NTH_TIME_HI = new_prim rec_definition
(‘NTH_TIME_HI',
“(NTH_TIME_HBI 0 x t0 t9 = STABLE_LO_THEN_HI x (tO0,t9)) /\
(NTH_TIMB_HI (SUC n) x t0 t9 =
7(t:time) . NTH_TIME_HI n x t0 t /\
STABLE_LO_THEN_HI x (t+1,t9))”
Yi:

let NTH _TIME_ LO = new_prim rec_definition
(‘NTH_TIME_LO’,
#“(NTH_TIME_LO 0 x t0 t9 = STABLE_HI_THEN LO x (t0,t9)) /\
(NTH_TIMBR_LO (SUC n) x t0 t9 =
7(t:time) . NTH_TIMB_LO n x t0 t /\
STABLE_HI_THEN_LO x (t+l,t9))~

Definitions involving “STABLE” (boolean- or wire-valued) signals for both
clock phases of each cycle.

let STABLE_AB = new_definition
(*STABLE_AB',
#1 (x rtime->*#*) (tl t2 :time) .
STABLE_AB x (ti,tl) =
(tl <= t2) /\
(1t u :time.
(tl <=t /\ t <= t2 /\ t1l <= u /\ u <= t2) ==> (ASel(x t) = BSel(x u)))”

Yis

let STABLE_AB_TRUE = new_definition
(’STABLE_AB_TRUR',
“! (x itime->bool#bool) (tl t2 :time)
STABLE_AB_TRUB x (tl,t2) =

(t1l <= t2) /\
(it:time.
{(tl <= t /\ t <= t2) ==> (ASel(x t) /\ BSel(x t)))”

Vis

let STABLE_AB_FALSE = new_definition
(“STABLE_AB_PALSE'’,
“1 (x :time->boolé#bool) (tl t2 :time)
STABLE_AP_FALSE x (tl,ti) =
(tl <= t2) /\
(lt:time.
(tl <= ¢t /\ t <= t2) ==> (~ASel(x t) /\ ~BSel(x t))})”

Yaz

let STABLE_AB_OFF = new_definition
('STABLE_AB_OFP’,
~1 (x :time->wire#wire) (tl t2 :time)
STABLE_AB_OFF x (tl1l,t2) =
(tl <= t2) /\
(ttitime.
(tl <= ¢t /\ t <= t2) ==> ((ASel{(x t) = Z}) /\ (BSel(x t) = 2Z)))~
Yis

let STABLE_AB_OFFn = new_definition
( 'STABLE_AB_OFPFn’,
“1 (x itime->busn¥busn) (tl t2 :time)
STABLE_AB_OFFn x (tl,t2) =
(tl <= t2) /\
(ltitime.
(tl <= t /\ t <= t2) ==> ((ASel(x t) = Offmn) /\ (BSel(x t) = Offm)))”
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let TRUE_EVENT_TIMES_EQUAL = prove_thm
(' TRUE_EVENT_TIMERS_EQUAL’,
#) (n :pum) (t0 t1 t2 :time) (x :stime->bool) .
NTH_TIME_TRUE n X t0 tl ==>
NTH_TIME_TRUR n x t0 t2 ==>
{(tl = t2)”~, -
INDUCT_TAC
THEN REWRITE_TAC [NTH_TIME_TRUE; STABLE_PALSE_THEN_TRUE])
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “(tl:itime) = t2”
THEN ASM_REWRITE_TAC{]
THEN IMP_RES_TAC NOT_EQ
THENL [
SPEC_ASSUM_TAC (~!t. t0 <= t /\ t < t2 ==> ~x t7,"tl:time”)
THEN RES_TAC

SPEC_ASSUM_TAC (#!t. t0 <= t /\ t < tl ==> ~x t”,”t2:time”)
THEN RBS_TAC

RES_TAC

THEN UNDISCH _TAC “(t’ + 1) <= tl =a> -x t1”

THEN FILTBR_ASM_REWRITE_TAC (\tm. tm = “(t’:time) = t~) (1
THEN ASM_REWRITE_TACI[]

RES_TAC
THEN UNDISCH_TAC “(t + 1) <= t2 ==> ~-X t2r
THEN FPILTERR_ASM REWRITE_TAC (\tm. tm = “(t:time) = t'”) []
THEN ASM_REWRITE_TAC[]
]
Y13

let PALSE_EVENT_TIMES_BQUAL = prove_thm
('FPALSE_EVENT_TIMES_EQUAL’,
#y (n :pum) (t0 t1l t2 :time) (x :time->bool)
NTH_TIME_FALSE n x t0 tl ==>
NTE_TIME_FALSE n x t0 t2 ==>
(tl = t2)~,
INDUCT_TAC
THEN REWRITE_TAC [NTH_TIME_FALSE; STABLE_TRUE_THEN_FALSE]
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “(tl:time) = t2”
THEN ASM_REWRITR_TACI[]
THEN IMP_RES_TAC NOT_EQ
THENL [
SPEC_ASSUM_TAC (¥it. t0 <=t /\ t < t2 ==> x t”,"tl:time”)
THEN RES_TAC
THEN RES_TAC

SPEC_ASSUM_TAC (¥!t. t0 <= t /\ t < tl ==> X t”,”t2:time”)
THEN RES_TAC
THEN RES_TAC

RES_TAC

THEN UNDISCH_TAC “(t‘ + 1) <= tl ==> x t1”

THEN FILTER_ASM_REWRITE_TAC (\tm. tm = ~(t‘:time) = t~} []
THEN ASM_REWRITE_TAC[]

REBS_TAC
THEN UNDISCH_TAC ~(t + 1) <= t2 ==> x t27
THEN PILTER_ASM_REWRITE_TAC (\tm. tm = “(t:time) = t’'~) []
THEN ASM_REWRITE_TACI[])
]
Yia

let STABLE_TRUE_THEN_FALSE_UNIQUE = prove_thm

(*STABLE_TRUE_THEN_FALSB_UNIQUE',
“) (€0 t1l t2 :time) (x :time->bool)
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STABLE_TRUE_THEN_FALSE x (t0,tl) ==>
STABLE_TRUE_THEN_FALSE x (t0,t2) ==>
(t1 = t2)~,
REWRITE_TAC [STABLE_TRUE_THEN_FALSE]
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “(tl:time) = t2~
THEN ASM_REWRITE_TAC[]
THEN IMP_RES_TAC NOT_EQ
THENL [
SPEC_ASSUM_TAC (“!t. t0 <=t /\ t < t2 ==> x t"”,“tl:time”)
THEN RES_TAC h
THEN RES_TAC

SPREC_ASSUM_TAC (*!t. t0 <= t /\ t < tl ==> x t”,”t2:time”)
THEN RES_TAC
THEN RES_TAC
]
Yis

let TRUE_EVENT_TIMES_MONO = prove_thm
{/ TRUER_RVENT_TIMES_MONO’,
#y (n toum) (£0 tl t2 :time) (x :time->bool)
NTH_TIME_TRUE n x t0 tl ==>
NTH_TIME_TRUR (SUC n) x t0 t2 ==>
(tl < t2)",
REWRITE_TAC [NTH_TIME_TRUE;STABLE_FALSE_THEN_TRUR]
THEN REPEAT STRIP_TAC
THEN IMP_RES_TAC TRUER_EVENT_TIMRS_EQUAL
THEN IMP_RES_TAC (REWRITE_RULER [ADD1] OR_LESS)
THEN FPILTRR_ASM_REWRITE_TAC (\tm. tm = “tl:time = t~) []
THEN PILTER_ASM_REWRITE_TAC (\tm. tm = ~“t < t2~) []
Yii

let SINGLE_TRUER_INTERVAL_EVENT_TIMES_EQUAL = prove_thm
( 'SINGLE_TRUER_INTERVAL_BVENT_TIMES_EQUAL’,
“y (0 t9 t u :time) (x :time->bool) .
N_TIMES_TRUE O x t0 t9 ==>
TIME_TRUR x (t0,t9) t ==>
TIME_TRUR x (t0,t9) u ==>
(t =u)”~,
REWRITE_TAC [TIME_TRUE;N_TIMES_TRUR; STABLE_FALSE; STABLE_FALSE_THEN_TRUE]
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “t’ < t9”
THENL [
% subgoal 1: [ *t’' < t9" ] %
IMP_RES_TAC (REWRITE_RULB [ADD1] LESS_OR)
THEN RES_TAC
THEN NRULR_ASSUM_TAC
(*(t’ + 1) <= u ==> ~x u”, ((REWRITE_RULER []) o CONTRAPOS))
THEN NRULE_ASSUM_TAC
(“(t’ + 1) <= t ==> ~x t”, ((REBWRITE_RULE [}) o CONTRAPOS))
THEN NRULRB_ASSUM_TAC
(“u < t* ==> ~x u”, ((REWRITE_RULE []))} o CONTRAPOS))
THEN NRULR_ASSUM_TAC
(*t < t’ =z=> ~x t”, ((RBWRITE_RULE []) o CONTRAPOS))
THEN RES_TAC
THEN IMP_RES_TAC NOT_LBSS_EBQ_LESS
THEN IMP_RES_TAC NOT_LESS
THEN IMP_RES_TAC SUE_LESS_OR
THEN ASSUME_TAC (REWRITE_RULE [] (REDUCE_CONV “1<=17))
THEN IMP_RES_TAC (SPRCL [“t’:time~”;~1%;717] ASSOC_ADD_SUB1)
THEN ASM_REWRITE_ASSUM_TAC (“t <= ((t’ + 1) - 1)~,
[SUB_EQUAL_0;ADD_CLAUSES])
THEN ASM_REWRITE_ASSUM TAC (*u <= ((t’ + 1) - 1)”~,
(SUB_RQUAL_0;ADD_CLAUSES])
THEN IMP_RES_TAC LESS_EQUAL_ANTISYM
THEN FILTER_ASM_REWRITR_TAC (\tm. tm = “u:time = t’~) (]
THEN PILTER_ASM_REWRITE_TAC (\tm. tm = “t:time = t’”) []

% subgoal 2: [ -’ < t9" ] %

IMP_RES_TAC NOT_LRESS
THEN RES_TAC
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THEN IMP_RES_TAC LEBSS_EQ TRANS
THEN REWRITR_ASSUM_TAC (“u <= t‘”, {LESS_OR_EQ))
THEN REWRITEB_ASSUM_TAC (¥t <= t‘”, [LESS_OR_EQ]))
THEN POP_ASSUM_LIST (MAP_EVERY (\thm. STRIP_ASSUME_TAC thm))
THEN RES_TAC
THEN ASM_REWRITE_TAC(]
1
Yz

let LATER TRUE_EVENT_FOLLOWS_INTRERVAL = prove_thm
( ‘LATER_TRUE_EVENT_POLLOWS_INTERVAL’, =
#y (£0 t9 t’ t'suc itime) (x :time->bool)
N_TIMBS _TRUE 0 x t0 t9 ==>
t0 <= t’' ==>
x t/ =m=>
t’ < t’suc ==>
X t’'suc =m>
£9 < t’suc”,
REWRITE_TAC [STABLE_FALSEK; STABLE_PALSE_THEN_TRUE]
THEN REPEAT STRIP_TAC
THEN ASM_CASES_TAC “t’' <= t8~
THENL [
% subgoal 1: [ “t’ <= t9” ] %
ASM_CASES_TAC “t9 < t’'suc”
THEN ASM_REWRITE_TAC[]
THEN REWRITE_ASSUM_TAC (“~t9 < t’suc”, [NOT_LESS])
THEN IMP_RRES TAC LESS_EQ LESS_ TRANS
THEN IMP_RES_TAC LT_IMP_LE
THEN IMP_RES_TAC
(SPECL [*tO:time”;”t9:time”;"t’':time”;”t 'suc: time~]
(REWRITE_RULE ([TIME_TRUE]
SINGLE_TRUE_INTERVAL_RVENT_TIMBS_EQUAL))
THEN IMP_RES_TAC LESS_NOT_EQ

% subgoal 2: [ “~t’ <= t9" ] %
REWRITE_ASSUM_TAC (“~t’' <= t8~, [NOT _LESS_RQ_LESS])
THEN IMP_RES_TAC LESS_TRANS
THEN ASM_REWRITE_TAC[])
]
Yis

let SUB_STABLE_FALSE_THEN_TRUE = prove_thm

('SUB_STABLE_FALSE_THEN_TRUE’,

#1 (tl t3 t9 :time) (x stime->bool) .

STABLE_FALSE_THEN_TRUE x (tl,t9) ==>

(tl <= t2) ==>
(t2 <= t9) ==>
STABLE_PALSE_THEN_TRUB x (t2,t9)”,

REWRITE_TAC [STABLE_FALSE_THEN_TRUB]
THEN REPEAT STRIP_TAC

THEN ASM_REWRITE_TAC(]

THEN IMP_RES_TAC LESS_EQ TRANS

THEN SPEC_ASSUM_TAC (~#lt. tl <=t /\ t < t9 ==> -x t”,"titime”)
THEN RES_TAC
Vi

let SUB_INTERVALS_STABLE_TRUE = prove_thm
( *SUB_INTERVALS_STABLE_TRUR’,
“t (t0 t9 tl :time) (x :time->bool)
STABLE_TRUB x (t0,t9) =a>
(t0 <= tl) ==>
{(tl <= t9) ==>
(STABLE_TRUR x (tO,tl) /\ STABLE_TRUE x (tl1l,t9))”,

REWRITE_TAC [STABLE_TRURB]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC(]
THEN IMP_RRS_TAC LESS_RBQ_ TRANS
THEN RES_TAC
Yis

let SUB_INTERVALS_STABLE_PFALSE = prove_thm
(’8UB_INTERVALS_STABLE_FALSE',
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“1 (£0 t9 tl :time) (x :time->bool)
STABLE_FALSE x (t0,t9) ==>
(t0 <= tl1) ==>
(tl <= t9) ==>
(STABLE_FALSE x (tO,tl) /\ STABLE_FALSE x (t1,t9))",

REWRITE_TAC [STABLE_FALSE]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC([)
THEN IMP_RES_TAC LESS_EQ _ TRANS
THEN RES_TAC
Yis

let STABLE_PALSE_THEN = prove_thm
{*STABLE_FALSE_THEN’,
“y (x itime->bool) (t0 tl :time)
STABLE_PALSE_THEN_TRUE x (tO,tl) ==>
t0 < tl ==>
STABLE_FALSE x (t0,tl-1)~,
REWRITE_TAC [STABLE_FALSE_THEN_TRUE; STABLE_FALSE]
THEN REPEAT STRIP_TAC
THEN IMP_RBS_TAC (REWRITE_RULE [PRE_SUB1l] LT _IMP_LE_PRE)
THEN ASM_REWRITRB_TACI[]
THEN IMP_RES_TAC M_LESS_O0_LESS
THEN IMP_RES_TAC (REWRITE_RULE ([ADD1] LT_IMP_SUC_LR)
THEN POP_ASSUM_LIST (MAP_RVERY (\thm. ASSUME_TAC (REDUCE_RULE thm)))
THEN IMP_RES_TAC (REWRITE_RULE [PRE_SUBl1] LE_PRE_IMP_LT)
THEN RES_TAC
Y1

let SUP_INTERVAL_STABLE_TRUE = mk_thm
(01,
“1 (t0 t9 tl t2 :time) (x stime->bool)
STABLE_TRUE x (t0,tl) ==>
STABLE_TRUE x (t2,t9) ==>
(t2 <= tlel) ==>
(t0 <= t9) ==>
STABLE_TRUR x (t0,t9)”
Yy

let SUP_INTERVAL_STABLE_FALSE = mk_thm
(L1,
“y (€0 t9 tl t2 :time) (x :time->bcol)
STABLE_FALSE x (t0,tl) ==>
STABLE_FALSE x (t2,t9) ==>
(t2 <= tl+l) ==>
(t0 <= t9) ==>
STABLE_FALSE x (t0,t9)~
Yis

let SUP_INTERVAL_STABLE_TRUE_THEN_FALSE = prove_thm
{ *SUP_INTBRVAL_STABLE_TRUE_THEN_FPALSE’,
“y (t0 t9 tl t2 :time) (x :time->bool)
STABLE_TRUE x (t0,tl) ==>
STABLE_TRUB_THEN_PALSE x (t2,t9) ==>
(t2 <= tl+l) ==>
(tO <= t9) ==m>
STABLE_TRUE_THEEN_FALSE x (t0,t9)”,
REWRITE_TAC (STABLE_TRUE;STABLE_TRUE_THEN_FALSE]
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TAC|(]
THEN ASSUME_TAC
(REWRITE_RULE
[STABLE_TRUE]
(SPECL [“tO:time”;”"tl:time”;”t2:time”] SUB_INTERVALS_STABLE_TRUE))
THEN ASM_CASES_TAC “t2 <= t~
THEN RES_TAC
THEN REWRITE_ASSUM_TAC (“~t2 <= t”, [NOT_LESS_EQ LESS])
THEN IMP_RES_TAC (SPRCL ([(~“t2:time”;”"tl+1”;71”) LESS_BQ_MONO_SUB)
THEN ASSUMB_TAC (SPEC ~1~ LESS_BQ REFL)
THEN IMP_RES_TAC (SPECL [“tl:time”;~1~;~1”] ASSOC_ADD_SUB1)
THEN ASM_REWRITE_ASSUM_ TAC
(#*(t2 - 1) <= ((t1l + 1) - 1)~, [SUB_BQUAL_0;ADD_CLAUSES])
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THEN IMFP_RES_TAC SUB_LESS_OR
THEN IMP_RES_TAC LESS_RQ TRANS
THEN RES_TAC

Yis

let SUP_INTERVAL_STABLE_FALSE_THEN_TRUE = prove_thm
(*SUP_INTERVAL_STABLE_FALSE_THEN_TRUE’,
#; (£0 t9 t1 t2 :time) (x :time->bool)
STABLE_PFALSE x (tO,tl) ==>
STABLE_FALSE_THEN_TRUE x (t2,t9) ==>
(t2 <= tl+l) =m=> -
(t 0 <= t9 ) =xd>
STABLE_YALSE_THEN_TRUE x (t0,t9)",
REWRITE_TAC [STABLE_PALSE; STABLE_FALSE_THEN_TRUE 1
THEN REPEAT STRIP_TAC
THEN ASM_REWRITE_TACI[]
THEN ASSUME_TAC
(REWRITE_RULE
[STABLE_FALSE]

(SPECL [“tO:time~;”tl:time~;%t2:time”] SUB_INTERVALS_STABLE_FALSE) )

THEN ASM _CASBS_TAC “t2 <= t~
THEN RES_TAC
THEN REWRITE_ASSUM_TAC (~~t2 <= t”, (NOT_LESS_EQ_LESS])
THEN IMP_RES_TAC (SPRCL [“t2:time”;"tl+l”; #1~] LERSS_EQ _MONO_SUB)
THEN ASSUME_TAC (SPEC ~“1” LERSS_BQ REFL)
THEN IMP_RES_TAC (SPECL [“tl:time”;”17;71”]} ASSOC_ADD_SUB1)
THEN ASM_REWRITE_ASSUM_TAC
(“(t2 - 1) <= ((tl + 1) - 1)~, [SUB_EQUAL_O0;ADD_CLAUSES])
THEN IMP_RES_TAC SUB_LBSS OR
THEN IMP_RES_TAC LESS_RQ_TRANS
THEN RES_TAC
Vi

close_theory();:

g mmmmmmmmmmm o= mmmmmmmmmme——m—=—— = emmmmmmemmmmeeee oo seeem-e-—-s——e-o-o
File: gates_defl.ml

Author: (c) D.A. Pura 1992-93

Date: 4 March 1993

This file contains the ml scurce for the combinational logic gates used in the
gate-level description of the FTEP PIU, an ASIC developed by the Embedded
Processing Laboratory, Boeing High Technology Center.

set_search_path (search_path() @ [’ /home/elvis6/dfura/ftep/piu/hol/lib/’;
‘ /home/elvisé/dfura/hol/Library/tools/’
1yis

set_flag (’'timing’, true);;
system ‘rm gates_defl.th’;;
new_theory ‘gates_defl’;;
map new_parent {’‘piuaux_def’;‘wordn def’; 'busn_def’; ‘ineq’])::
let NOT_GATE = new_definition
{'NOT_GATE’,

#1 a z :time->booclé#bool.

NOT_GATE a T =

te:time . z t = ((~ASel(a t)), (~BSel{a t}})”
Vit

let AND2_GATE = new_definition

('AND2_GATE’,
“1 a bz i1time->boolébool.
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AND2_GATE a b z =
'titime . 2 t = ((ASel(a t) /\ ASel(b t)),
(BSel(a t) /\ BSel(b t)))”

Yii

let AND3_GATE = new_definition

( AND3_GATE’,

#{ a b c z itime->boolibool.
AND3_GATR abc z =
tt:time . z t = ((ASel(a t) /\ ASel(b t} /\ ASel(c t)),
(BSel(a t) /\ BSel(b t) /\ BSel{c t)))”

Vi

let OR2_GATB = new_definition

(/OR2_GATE',

“1 a b z i1time->boolébool.
OR2_GATE a b z =
tt:time . 2 t = ((ASel(a t) \/ ASel(b t)),
(BSel(a t) \/ BSel(b t)))”

Yis

let OR3_GATE = new_definition

('OR3_GATE’,

“) abc z :time->bool#beol.
OR3_GATE a b c z =
tt:time . z t = ((ASel(a t) \/ ASel(b t} \/ ASel(c t)),
(BSel(a t) \/ BSel(b t) \/ BSel{c t)))”

)i

let NAND2_GATE = new_definition
( “NAND2_GATE’,
“! a b z :time->boolébool.
NAND2 _GATE a b z =
tt:time . z t = ((~(ASel(a t) /\ ASel(b t))),
(~(BSel(a t) /\ BSel(b t))))~
Yii

let NAND3_GATE = new_definition

{ "NAND3_GATR’,

“y ab e z itime->boclébool.
NAND3 _GATE a b c 2z =
ttitime . 2t = ((~{ASel(a t) /\ ASel(b t) /\ ASel(c t))),
(~(BSel{a t) /\ BSel(b t) /\ BSel(c t))})”

Yii

let BUP_GATE = new_definition
(’BUP_GATR’,
“1 a2 :time->*#*.
BUF_GATE a z =
it:time . Z t = (ASel(a t), BSel(a t))~
Vit

let TRIBUF_GATE = new_definition
(TRIBUF_GATR’,
“)] (z itime->wire#wire) (a e :time->bool#bool)
TRIBUF_GATRE a ¢ z =
! titime . Z t = ((ASel(e t) => WIRE (ASel(a t)) | 2},
(BSel(e t) => WIRE (BSel(a t)) [ Z))”~
Y

let TRIBUFD_GATE = new_definition
{'TRIBUFn_GATE’,
#1 (a itime->wordn#wordn) (z :time->busn#busn) (e :time->bool#bool)
TRIBUFn _GATE a ¢ 2 =
! ti:time . 2 t = ((ASel{(e t) => BUSN (ASel(a t})} | Offn),
(BSel(e t) => BUSN (BSel(a t)) | Offn))~
Vi

let TRINBUF_GATE = new_definition

(’ TRINBUF_GATE ',

#) (z itime->wiref#wire) (a e :time->bool#bool)
TRINBUF_GATR a ® 2 =
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!t titime . z t = (((~ASel(e t)) => WIRE (ASel(a t)} | 2Z2),
({~BSel(e t)) => WIRR (BSel{(a t)) | 2))*
Yis

let TRINBUFn_GATE = new_definition
{ “TRINBUPn_GATE’,
#1 (a :time->wordn#wordn) (z :time->busnibusn) (e :time->bool#bool)
TRINBUPD_GATE a e 2z =
| titime . Z t = ({((~-ASel(e t)) => BUSN (ASel(a t)) | Offn),
((~BSel(e t)) => BUSN (BSel(a t)) | Offn))”
Vi -

close_theory():;

File:latches_def.ml
Author: (¢c) D.A. Pura 1992
Date:31 August 1992

This file contains the ml source for the latches used in the gate-level
specification of the PTRP PIU, an ASIC developed by the Embedded Processing
Laboratory, Boeing High Technology Center.

set_search_path (search path() @ [‘/home/elvis6/dfura/ftep/pilu/hol/1ib/ 1) ;:
set_flag ('timing’, true);;

system ‘rm latches_def.th’;;

new_theory ‘latches_def’;;

map new_parent [’‘pivaux _def‘};;
One-bit A-clocked D-latch, no set, no reset, no snable.

let DLatA_GATE = new_definition

(‘DLatA_GATE’,

“1 (d q :1time->boclébool) (s :time->bool).
DLatA_GATE d s @ =

! titime .

(s (t+l) = ASel(d t)) /\

(gt = (8 (t+l), s (t+1)))”

Yi:

One-bit B-clocked D-latch, no set, no reset, no enable.

let DLatB_GATE = new_definition

{“‘DLatB_GATR’,

#] (d @ i1time->boolébool) (s :time->bool).
DLatB_ GATE d 8 @ =

t titime .

(s (t+1) = BSel(d t)) /\

(gt =(st, s (t+1)))"

Yi:

let DSLatA_GATE = new_definition
(‘DSLatA_GATER’,
“1 (d set ¢ ttime->bool#bool) (s :time->bool)
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DSLatA_GATR d set s q =
! t:time .
(s (t+l) = (ASel(set t}) => T | ASel{(d t)) /\
(gt = (s (t+l), s (t+1)))”
Yii

One-bit B-clocked D-latch, with set, no reset, no enable.

let DSLatB_GATE = new_definition -
{’DSLatB_GATR’,
#y (d set @ :time->bool#bool) (s :time->bool) .
DSLatB_GATE d set s ¢ =
! titime .
(s (t+l) = (BSel(set t)) => T | BSel(d t)) /\
(gt =(st, s (tel)))”
Y

One-bit A-clocked D-latch, nc set, with reset, no enable.

let DRLatA_GATE = new_definition

(‘DRLatA_GATEB’,

#y (A ret ¢ :time->boolé#bool) (s :time->bool)
DRLatA_GATE d rst s @ =

! t:time

(8 (t+l) = (ASel(rst t)) => F | ASel(d t}) /\

(qt = (8 (t+l), 8 (t+l1)))”

Vi

One-bit B-clocked D-latch, no set, with reset, no enable.

let DRLatB _GATE = new_definition

{ ‘DRLatB_GATE’,

“1 (d rst ¢ :time->boolibool) (s :time->bool)
DRLatB_GATE d rst 8 q =

! t:time .

(s (t+l) = (BSel(rst t)) => P | BSel(d t)) /\

(gt =(st, s (E+l)))”

Yii

One-bit A-clocked D-latch, with set, with reset, nc snable.

let DSRLatA_GATE = new_definition
(‘DSRLatA_GATR’,
#] (d set rst q :time->bool#bool) (s :time->bool)
DSRLatA_GATE d set rst s ¢ =
! t:time .
(s (t+l) = ((ASel(set t) /\ ~ASel(rst t)) => T |
{(~ASel(set t)) /\ ASel(rst t}) => P |
((~ASel(set t)) /\ ~ASel(rst t)) => ASel(d t) |
ARB}) /\
(gt = (s (t+l), 8 (t+l)))”
Yis

One-bit B-clocked D-latch, with set, with reset, no enable.

let DSRLatB_GATE = new_definition
(‘DSRLatB_GATE’,
“1 (d set rst q :time->bool#bool) (s :time->bool) .
DSRLatB_GATE d set rst & q =
! titime
(s (t+l) = ((BSel(set t) /\ ~BSel(rst t)) => T |
((~PSel(set t)) /\ BSel(rst t)) => F |
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((~BSel(set t)) /\ ~BSel(rst t)) => BSel(d t} |
ARB)) /\

(gt = (s t, s (t+1)))}”

Vi

One-bit A-clocked D-latch, no set, no reset, with enable.

let DELatA_GATE = new_definition

{ ‘DELatA_GATE’,

#1 (4 en q@ i1time->bool#bool) (s :time->bool) .
DELatA_GATE d en 8 q =

! t:time .

(s (t+1l) = (ASel(en t)) => ASel(d t} | s t) /\

(gt = (8 (t+4d), 8 (t+1)))”

Vi

One-bit B-clocked D-latch, no set, no reset, with enable.

let DELatB_GATE = new_definition

(’DELatB_GATE’,

#1 (d en g :time->booclébool) (s :time->bool) .
DELatB_GATE @ en 8 @ =

! titime .

(s {(t+1) = (BSel{(en t)) => BSel(d t) | s t) /\

(gt = (s t, s (tel)))”

Yi:

One-bit A-clocked D-latch, no set, with reset, with enable.

let DRELatA_GATE = new_definition
( ‘DRELatA_GATE’,
#1 (d rst en q :time->bool#bool) (s :time->bool)
DRELatA_GATE d rst en 8 Q@ =
t titime .
(s (t+1) = (ASel(en t)) => ((ASel(rst t)) => F | ASel(d t)) | s t} /\
(gt = (s (tel), & (t+1)))”
Yiz

One-bit B-clocked D-latch, no set, with resst, with enable.

let DRELatB_GATE = new_definition
(‘DRELatB_GATR’,
#) (A4 rst en q :time->bool#bool) (s :time->bool)
DRELatB_GATE d rst en s q =
! t:time .
(s (t+l) = (BSel(en t)) => ((BSel(rst t)) => F | BSel(d t)) | s t) /\
(gt = (s t, s (t+41}))”
)i

One-bit A-clocked D-latch, with set, no reset, with enable.

let DSBLatA_GATE = new_definition
( 'DSRLatA_GATB',
#“1 (@ set en q :time->boolibool) (s :time->bool)
DSELatA_GATE Q set en 3 q =
! titime .
(s (t+1l) = (ASel(en t)) => ((ASel(set t)) => T | ASel(d t}) | s t) /\
(gt = (s (t+l), 8 (t+l}))”
Yi:

One-bit B-clocked D-latch, with set, no reset, with enabls.
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let DSELatB_GATE = new_definition
( ‘DSBLatB_GATE’,
“}! (d set en q :time->bool#bool) (s :time->bool) .
DSELatB_GATE d set en s q =
! titime .
(s (t+l) = (BSel(en t)) => ((BSel(set t)) => T | BSel(d t)) | s t) /\
(gt = (s t, s (t+l)))”
Y

One-bit A-clocked D-latch, with set, with reset, with enable.

let DSRELatA_GATE = new_definition
(‘DSRELatA_GATE’,
#) (4@ set rst en q :time->bool#bool) (s :time->bool) .
DSRERLatA_GATE d set rst en s @ =
! t:time .
(8 {(t+l) = (ASel(en t))
=> ((ASel(set t) /\ ~ASel(rst t)) => T |
((~ASel(set t)) /\ ASel(rst t)) => F |
({~ASel(set t)) /\ ~-ASel(rst t)) => ASel(d t) |
ARB)
| 8 t) /\
(@t = (8 (t+l), 8 (t+l)))”
Yii

One-bit B-clocked D-latch, with set, with reset, with enable.

let DSRELatB_GATE = new_definition
(“DSRELatB_GATE’,
“f{ {4 set rst en ¢ :time->bool#bool) (s :time->bool)
DERRLatB_GATE 4 set rst en s ¢ =
! t:time .
(s (t+l) = (BSel(en t))
=> ((BSel(set t) /\ ~BSel(rst t)) => T |
((~BSel(set t)) /\ BSel(rst t)) => P |
((~BSel(set t)) /\ ~-BSel(rst t}) => BSel(d t) |
ARB)
| 8 t) /N
(@t = (8 ¢t, s (tsl)))"”
Yi:

N-bit A-clocked D-latch, no set, no reset, nc snable.

let DLatNA_GATE = new_definition

(‘DLatNA_GATE’,

#1 (d g i1time->wordn#wordn) (s :time->wordm) .
DLatNA_GATE d s @ =

! titime .

(s (t+l) = ASel{d t)) /\

(qt = (s (t+1), 8 (t+l)))"

Yii

N-bit B-clocked D-latch, no set, no reset, nc enable.

let DLatNB_GATE = new_definition

(‘DLatNB_GATE’,

“1 (d q@ :time->wordnéwordn) (s :time->wordn)
DLatNB_GATE d s @ =

! titime .

(s (t+1) = BSel(d t)) /\

(@t = (s t, s (t+4l)))”

)iz
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close_theory():;

§mmmmmm e mmmmmmmmmmmemmemmmmemmmm—— e mm e —mmo oo oot ——oosSoosssoooSsssoooooos
Pile: f£s_def.ml

Author: (¢) D.A. Pura 1992

Date: 21 September 1992 h

This file contains the ml source for the flip-flops used in the gate-level
specification of the FTEP PIU, an ASIC developed by the Embedded Processing
Laboratory, Bosing High Technology Center.

set_search_path (search_path() @ [’ /home/elvis6/dfura/ftep/piu/hol/1ib/ 1} :;
set_flag (’‘timing’, true);;

system ‘rm ffs_def.th’;;

new_theory ‘ffs_def’;;

map new_parent [‘pivaux_def‘]);;

IS PR TP EEEE TR S S EEEEE S et
One-bit positive-triggered flip-flop, no set, mno reset, no enable.

let DFFA_GATE = new_definition
( '"DFFA_GATE’,
#y (d @ ttime->boolibool) (s 1time->bool)
DFFA_GATEd s ¢ =
! titime .
(s (t+1) = BSel(d t)) /\
(gt = (s t, s t))”

PRSP S PSR EEP S S S EE E  hh
One-bit negative-triggered flip-flop, no set, no reset, no snable.

let DFFB_GATE = new_definition
(’DFFB_GATB’,
«y (d q :time->boolébool) (s :time->bool)
DFFB_GATEd 8 Q@ =
| titime .
(s (t+l) = ASel(d t)) /\
(@t = (s t, s (t+l)))"

o mmme—mm—mmemmememmmm e — e mmmemme e S e Mm-S ooSmess—-so—ooo-oss--es
One-bit positive-triggered flip-flop, no set, with reset, no enable.

let DRFFA_GATB = new_definition
{ 'DRFFA_GATE’,
#1 (d ret ¢ :time->bocl#bool) (s :time->bool)
DRPFA_GATE 4 rst s @ =
{ titime .
(s (t+1) = BSel(rst t) => P | BSel(d t)) /\
(qt=(st, st))”~

d—mm e m—ememmemmmmmmm——m e mmmeemmmmmmem oS e e mmeeeme-oC-SSessssosoooooo-—ssss-s
One-bit negative-triggered flip-flop, no set, with reset, no enable.

let DRPFB_GATE = new_definition
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( ‘DRFFB_GATE,
“}! (d rst q :time->bool#bool) (s :time->bool)
DRFFB_GATE d rst s ¢ =
! t:time .
(s (t+l) = ASel(rst t) => F | ASel(d t)) /\
(gt = (s t, s (t+1))})”

let DSFFA_GATE = new_definition
( ‘DSFFA_GATE'’,
“y (4 set ¢ 1time->bool#bool) (s :time->bool)
DSFFA_GATE d set 8 @ =
t titime .
(s (t+l) = BSel(set t) => T | BSel(d t)) /\
(qt = (s t, st))”

let DSFFPB_GATE = new_definition
( 'DSPFB_GATR’,
“1 (4 set q :time->bool#bool) (s :time->bool)
DSPFB_GATE Q set s q =
! t:time
(s (t+l) = ASel{set t) => T | ASel(d t})) /\
(gt = (s t, s (t+1)))”

let DRSFFA_GATE = new_definition
{ ‘DRSFPA_GATE’,
#1 (4 rst set ¢ ttime->bool#bool) (s :time->bool) .
DRSFFA_GATE 4 rst set s ¢ =
! t:time .
(s (t+1l) = (BSel(set t) /\ ~BSel{rst t)) => T |
((~BSel(set t)) /\ BSel(rst t)) => F |
((~BSel(set t)) /\ ~-BSel(rst t)) => BSel(d t) |
ARB) /\
(gt = (s t, st))”

let DRSFFB_GATE = new_definition
( 'DRSFFB_GATE’,
“1 (Q rst set q :time->bool#bool) (s :time->bool)
DRSFFB_GATE d rst set s @ =
! titime .
(s (t+l) = (ASel(set t) /\ ~ASel(rst t)) => T |
({~ASel(set t)) /\ ASel(rst t)) => F |
({(~ASel(set t}) /\ ~-ASel(rst t)} => BSel(d t) |
ARB) /\
(et = (s t, & (t+1)))”

let DEFFA_GATE = new_definition
( ‘DERFFA_GATR',
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#y (4 en @ :time->boolfbool) (s :time->bool)
DEFFA_GATE d en 8 ¢ =
! t:time .
(s (t+l) = BSel{(en t) => BSel(d t) | s t) /\
(gt = (s t, at))”

LU I IR S P SRR e T e et
One-bit negative-triggered flip-flop, no set, nc resst, with enable.
________________________________________________________________________________ %
let DEFPFPB_GATE = new_definition
{‘DEPFB_GATE',
#) (4 en q :time->bool#bool) (s :time->bool) .
DEFFB_ GATE d en 8 g =
t t:time .
(s (t+l) = ASel(en t) => ASel{(d t) | s t) /\
(qt=(st, s (t+4l1)))”
Yi:
= m e —mm e e e e e memmmmm——m———— - me o= e m—mee———me— o e o mmem—ees——————
N-bit positive-triggered flip-flcp, no set, mno reset, with enable.
................................................................................ %
let DEFFnA_GATE = new_definition
(DERFFDA_GATE',
#; (4 q :time->wordn#wordn) (en :time->bool#bool) (s :time->wordn)
DEFFDA_GATB d en s q =
! titime .
(s (t+l) = BSel(en t) => BSel(d t) | s t) /\
(gt =(st, st))”
Yis
% ................................................................................
N-bit negative-triggered flip-flop, mo set, no reset, with enable.
................................................................................ %
let DBFPNB_GATE = new_definition
(*‘DEFPnB_GATE',
#y (4 q :time->wordn#wordn) (en :time->bool#bool) (s :time->wordn)
DEFFnB_GATE d en 8 ¢ =
! titime .
(s (t+1l) = ASel{en t) => ASel(d t) | s t) /\
(gt = (s t, s (t+l)))”
Yis
L T ettt D L R DD b S b e Rl kel bebadedeted bt
One-bit positive-triggered flip-flop, no set, with reset, with enable.
________________________________________________________________________________ %
let DREFFA_GATE = new_definition
( *DREBFFA_GATE’,
“1 (d en rst ¢ :time->bool#bool) (s :time->bool) .
DREFFA_GATE & en rst s Q@ =
! titime .
(s (t+1l) = BSel(en t) => (BSel(rst t) => P | BSel(d t)) | s t) /\
(gt =(st, s t))"
Vi
U T e L D St
One-bit negative-triggered flip-flop, no set, with reset, with enable.
________________________________________________________________________________ %

let DREFFB_GATE = new_definition
( "DREFFB_GATE'’,
“) (4 en rst @ :time->boolébool) (s :time->bool)
DREFFB_GATE d en rst o @ =
t titime .
(s (t+l) = ASel(en t) => (ASel(rst t) => P | ASel{(d t)) | s t) /\
(et = (s t, s (tel)) )"
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________________________________________________________________________________ %
let DSEFFA_GATE = new_definition
('DSEFFA_GATE’,
“! (A4 en rst ¢ :time->bool#bool) (s :time->bool)
DSEFFA_GATE d en rst 8 q =
! titime
(s (t+l) = BSel(en t) => (BSel(rst t) => T | BSel(d t)) | s t) /\
(qt=(st, st}))” -
Yi:
B m e e e e~ m e e e eatmmmmmmmmmeememmmemmmmmmmmmmmmeem—eme—mm——m—— o
One-bit negative-triggered flip-flop, with set, no reset, with enable.
________________________________________________________________________________ %
let DSEPFB_GATE = new_definition
( ‘DSBFFB_GATE',
“1 (d en rst q :time->bool#bool) (s :time->bool) .
DSEFFE_GATE d en rst & ¢ =
! t:time .
(s (t+l) = ASel(en t) => (ASel(rst t) => T | ASel(d t)) | s t) /\
(gt = (s t, s (t+1)))"
Yis
R mm e e e e e e m e mmmmmmmmm A m e m e e e emm e m et asemeeeee——————
One-bit positive-triggered flip-flop, with set, with reset, with enable.
________________________________________________________________________________ %
let DRSEFFA_GATE = new_definition
( ‘DRSBFFA_GATE',
“1 (d en rst set ¢ :time->bool#bool) (s :time->bool)
DRSEFPPA_GATE d en rst set s ¢ =
! titime .
(s {t+l) = BSel(en t)
=> ((BSel(set t) /\ ~-BSel(rst t)) => T |
(~BSel(set t) /\ BSel(rst t)) => F |
(~BSel(set t) /\ ~BSel(rst t}) => BSel(d t) | ARB)
| 8 t) /\
(gt = (st, s t))”
Yis
- mm e mmmmmmmmmmmmmmmme e e m e e e e Aeeemmmmeemmee—mmememmm—mmmm———mee——————————-
One-bit negative-triggered flip-flop, with set, with reset, with enable.
________________________________________________________________________________ %

let DRSEFFB_GATE = new_definition
{ 'DRSEFFB_GATE',
“1 (4 en ret set ¢ :time->bool#bool} (s :time->bool)
DRSEFFE_GATE 4 en rst set s q =
! titime .
(s (t+l) = ASel(en t)
=> ((ASel(set t) /\ ~ASel(rst t)) => T |
(~ASel(set t) /\ ASel(rst t)) => F |
(~-ASel(set t) /\ ~ASel(rst t)) => ASel(d t) | ARB)
| 8 t) /N
(gt = (s t, s (t+1)))”
Y1

close_theory()::

R mm — — e e e e M e e e e e e e e mmm e mm e e m e mm—— e e e e e m e ecaeeen—————
File: counters_def.ml

Authors (c) D.A. Pura 1992-93

Date: 4 March 1993

This file contains the ml source for the counters used in the gate-level
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specification of the FTEP PIU, an ASIC developed by the Embedded Processing
Laboratory, Boeing High Technology Center.

________________________________________________________________________________ %
set_search path (search_path() @ [’/home/elvisé/dfura/ftep/piu/bol/lib/’;
‘/home/elvis6/dfura/hol/Library/tocls/’
1)
set_flag (‘timing’, true);;
system ‘rm counters_def.th’;;
new_theory ‘counters_def’;;
map new_parent [‘piuaux_def’;‘wordn_def’;’array_def‘; ‘ineq’];;
o mmmmmmmmmm e m e —mememmmmm e mm e e e m e e ceeeeememmmememeememee——————————o
Positive-triggered up-counter, no reset.
________________________________________________________________________________ %
let UpCntA_GATE = new_definition
(/UpCntA_GATER’,
#1 (sz toum) (d g :time->wordn#wordn) (ld up z :time->bool#bool)
(s :time->wordm) .
UpCntA_GATE sz d ld up s q 2 =
t titime .
(s (t+1l) = (BSel(ld t)) => BSel(d t) |
(BSel(up t)) => INCN sz (s t) | s t) /\
(gt = (((ASel(up t)) => INCN sz (s t) | s t) ,
({BSel(up t)) => INCN sz (s t) | 8 t))) /\
(z t = ((ASel{(g t) = WORDN sz 0), (BSel(q t) = WORDN sz 0)))}~
)1
% ________________________________________________________________________________
Negative-triggered up-counter, no reset.
________________________________________________________________________________ %
let UDCntB_GATE = new_definition
{ 'UpCntB_GATE’,
“y {(sz :num) (4 g :time->worda#wordn) (1d up z :time->bool#bool)
(s :time->wordn)
UpCntB_GATE sz2 d ldup s ¢ 2 =
! titime .
(s (t+l) = (ASel(ld t)) => ASel(d t) |
(ASel(up t)) => INCN sz (s t) | s t) /\
(gt = (({(ASel(up t)) => INCN sz (s t) | s t) .,
({BSel(up t)) => INCN sz (s (t+l)) | s (t+l1)))) /\
(z t = ((ASel(qg t) = WORDN sz 0), (BSel(gq t) = WORDN sz 0})))~
Yis
Qe —m = e e m e e e e~ e m e e e me e~ ——m—m e — e — e mmmmm—m—m—m— e —— = o
Positive-triggered down-counter, no reset.
________________________________________________________________________________ %
let DownCntA_GATE = new_definition
(*DownCntA_GATE’,
#y (sz :num) (d ¢ :time->wordn#wordn) (1ld dn z :time->bool#bool)
(s i1time->wordn)
DownCntA_GATE sz 4d 1d dn s q Z =
{ titime .
(s (t+l) = (BSel(ld t)) => BSel{d t) |
(BSel(dn t)} => DBCN sz (s t) | s t) /\
(gt = ({((ASel(dn t)) => DECN sz (s t) | s t) ,
((BSel(dn t)) => DECN sz (s t) | 8 t))) /\
(z t = ((ASel(g t) = WORDN sz 0), (BSel(qg t) = WORDN sz 0)))”
Yii
By m e e — e mm e m e mm—m e e m— e e e emmmmm e e e mmemmeememee——————m e ——————
Negative-triggered down-counter, no reset.
________________________________________________________________________________ %
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let DownCntB_GATE = new_definition
{ ‘DownCntB_GATR’,
“! (sz :pum) (d q :time->wordn#wordn) (ld dn z :time->bool#bool)
(s :time->wordn)
DownCntB_GATE 8z d ld dn s q 2 =

! t:time .
(s (t+l) = (ASel(ld t}) => ASel(d t) |
(ASel(dn t)) => DECN sz (s t) | s t) /\
(gt = (((ASel(dn t)) => DECN 8z (s t) | s t) ,
((BSel(dn t)) => DECN sz (s (t+1)) | s (t+1)))) /\
(z t = ((ASel(g t) = WORDN sz 0), (BSel(qg t) = WORDN sz 0)))~

Gfm e e e e e e e e — e — e mmmm—————————————
Positive-triggered up-counter, with reset.
________________________________________________________________________________ %
let UpDRCntA_GATE = new_definition
{ ‘UpRCntA_GATE',
“) (sz inum) (d ¢ :stime->wordn#wordan) (1d up rst z :time->bool#bool)
(s :time->wordn)
UpRCntA_GATR 8z d 1ld up rst 8 q 2 =
! titime .
(s (t+l) = (BSel(rst t)) => WORDN sz O |
(BSel(ld t)) => BSel(d t) |
(BSel(up t)) => INCN sz (s t) | 8 t) /\
(gt = (((ASel(up t)) => INCN sz (s t) | s t) ,
((BSel(up t)) => INCN sz (s t) | s t))) /\
(z t = ((ASel(q t) = WORDN sz 0), (BSel(qg t) = WORDN sz 0)))”
Yii
L S L e et R R R R ]
Negative-triggered up-counter, with reset.
________________________________________________________________________________ %
let UPRCANtB_GATE = new_definition
( “UpRCRtB_GATR',
“y (sz tnum) (d ¢ :time->wordn#wordn) (1ld up rst z :time->bool#bool)
(s :time->wordn)
UpRCntB_GATE 8z d 1d up rst s q z =
t titime .
(s (t+1l) = (ASel(rst t)) => WORDN sz O |
(ASel(ld t)) => ASel(d t) |
(ASel(up t)) => INCN sz (s t) | 8 t) /\
(gt = (((ASel(up t)) => INCN sz (s t) | s t) ,
((BSel(up t)) => INCN sz (s (t+l)) | & (t+1)))) /\
(z t = ((ASel(g t) = WORDN sz 0), (BSel(q t) = WORDN sz 0}))”
Yis
Wr o mmmm e — e ——— -~ - m e — m e e m e A EEE e R e e e m e e —m e et m e e ——————————
Positive-triggered down-counter, with reset.
________________________________________________________________________________ %
let DownRCntA _GATE = new_definition
( *‘DownRCntA_GATE',
#) (sz :num) (d q :time->wordn#wordn) (1ld dn rst z :time->bool#bool)
(s :time->wordn) .
DownRCntA_GATE sz d 1d dn rst s q 2 =
!t t:time .
(s (t+l) = (BSel(rst t)) => WORDN sz 0 |
(BSel(ld t)) => BSel(d t} |
(BSel(dn t)) => DECN 82 (s t) | s t) /\
(gt = (((ASel(dn t)) => DECN 8z (s t) | s t) ,
((BSel(dn t)) => DECN 8z (8 t) | s t))) /\
(z t = ((ASel{(g t) = WORDN sz 0), (BSel(qg t) = WORDN sz 0)})"
Yii
e e e eme et aeeeemmmemmememem—mmmememmmmmmemeeme e mmmmmmmmmmm————————
Negative-triggered down-counter, with reset.
................................................................................ %

let DownRCntB_GATE = new_definition
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( ‘DownRCntB_GATE',
#y (sz :num) (d q :time->wordni#wordn) (1d dn rst z :time->bool#bool)
(s :time->wordnm) .
DownRCntB_GATR sz d 1d dn ret 8 @ 2 =
!t titime .
(s (t+l) = (ASel(xrst t)) => WORDN sz O |
(ASel(1ld t)) => ASel{(d t) |
(ASel(dn t)) => DECN sz (s t) | 8 t) /\
(gt = (({(ASel(dn t)) => DECN sz (s t) | 8 t) ,
((BSel(dn t)) => DECN sz (s (t+l)) | s (t+1)))})} /\
(z t = ((ASel(g t) = WORDN sz 0), (BSel(q t) = WORDN sZ 0}})~
Vi:

close_theory():;

G m e mmm = e e M e mmmmm e — e — s mmemmemm e eeem e —s————e——o—--co-se---—oo-
File: datapaths_def.ml
Author: (c) D.A. Fura 1992-93
Datae: 4 March 1993

This file contains the ml source for the datapath blocks of the R-Port of the
PTRP PIU, an ASIC developed by the Embedded Processing Laboratory, Boeing High
Technology Center.

set_search_path (search_path() @ [‘/home/elvisé/dfura/hol/Library/abs_theory/’;
' /home /elvis6/dfura/hol/Library/tools/’;
 /home/elvisé/dfura/ftep/piu/hol/1lib/’
s

set_flag (‘timing’, true);;

system ‘rm datapaths_def.th’;;

new_theory ‘datapaths_def’;;

loadf ‘abs_theory’;:

map hew_parent [‘piuaux_def’; ‘array_def’; ‘wordn_def’; 'ineq’};:

let REP_ty = abs_type_info (thecrem ‘piuaux def’ ‘RBP*) ;3

let DP_CTR_GATE = new_definition

(DP_CTR_GATE’,

#1 (busB_in busA_outl busA_out2 :time->wordn#wordn)
(eir_wr c_1d cir_rd ce cin csror_ld cor_rd c_out ttime->bool#bool)
(r_ctr_in r_ctr r_ctr_new r_ctr_out :time->wordn)
(r_ctr_mux_sel r_ctr_irden r_ctr_ce r_ctr_cin r_ctr_cry
r_ctr_orden :time->bool) .

DP_CTR_GATE busB_ip cir_wr c_ld cir_rd ce cin csror_ld cor_rd
r_ctr_in r_ctr_mux_sel r_ctr_irden r_ctr r_ctr_ce r_ctr_cin

r_ctr_cry
r_ctr_new r_ctr_out r_ctr_orden busA_outl busA_out2 c_out =
1 (t:time).
(r_ctr_in (t+1) = (BSel(cir_wr t)) => BSel{(busB_in t) | r_ctr_in t) /\

(r_ctr_mux_sel (t+1l) = BSel(c_1ld t)) /\
(r_ctr_irden (t+1) = BSel(cir_rd t)) /\
(r_ctr (t+l) = (r_ctr_mux sel t) => r_ctr_in t | r_ctr_new t) /\
(r_ctr_ce (t+l) = ASel(ce t)) /\
(r_ctxr_cin (t+1) = ASel{cin t)) /\
(r_ctr_cry (t+l) = (r_ctr_ce t) /\ (r_ctr_cin t} /\ ONES 31 (r_ctr t)) /\
{(r_ctr_new (t+l) =
((r_ctr_ce t) /\ (r_ctr_cin t)) => INCN 31 (r_ctr t) | r_ctr t) /\
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(r_ctr_out (t+l) = (BSel(csror_ld t)) => r_ctr_new t | r_ctr_out t) /\
(r_ctr_orden (t+l) = BSel(cor_rd t)) /\
(busA_outl t =
(((r_ctr_irden t) => r_ctr_in t | ARBN), ARBN)) /\
(busA_out2 t =
(((r_ctr_orden t) => r_ctr_out t | ARBN), ARBN))} /\
(c_out t = ((r_ctr_cry t), (r_ctr_cry (t+l)))}”

let DP_ICR_GATE = new_definition
('DP_ICR_GATE’,
~1 {(rep :*REP_ty)
{busA_in busB_in busA_out icr_out :time->wordn#wordn)
(icr_wr_feedback icr_wr icr_select icr_1ld icr_rd :time->bool#bool)
(r_icr_old r_icr_mask r_icr :time->wordn)
(r_icr_xrden :time->bool)
DP_ICR_GATE rep busA_in busB_in icr_wr_feedback icr_wr icr_select icr_ld icr_rd
r_icr_old r_icr_mask r_icr r_icr_rden busA_out icr_out =

1(t:time).
(r_icr_old (t+l) =

(BSel (icr_wr_feedback t)) => BSel(busA_in t) | r_icr_old t) /\
(r_icr_mask (t+l) =

(BSel(icr_wr t)) => BSel(busB_in t) | r_icr_mask t) /\
(r_icr (t+l) =

(BSel{icr_14 t))

=> (ASel(icr_select t)) => Andn rep (r_icr_old t, r_icr_mask t)
| oOrm rep (r_icr_old t, r_icr_mask t)
| r_ier t}) /\

(r_icr_rden (t+l) = BSel(icr_rd t)) /\
(busA_out t = (((r_icr_rden t) => r_icr t | ARBN), ARBN)) /\
(ier_out t = (r_icr t, r_icr (t+l)))~

Control register used to build General Control Register (GCR) and Communication
Control Register (CCR).

___________________________________________________________________________________ %
let DP_CR_GATE = new_definition
('DP_CR_GATE"',
#} (busB_in busA_out cr_out :time->wordn#wordn)
(cr_wr cr_rd :time->bool#bool)
(r_cr stime->wordn)
(r_cr_rden :time->bool)
DP_CR_GATE busB_in cr_wr cr_rd
r_cr r_cr_rden
busA_out cr_out =
f(t:time).
(r_ecr (t+l) = (BSel(cr_wr t)) => BSel(busB_in t) | r_cr t) /\
(r_cr_rden (t+l) = BSel(cr_rd t)) /\
(busA_ocut t = ({((r_cr_rden t) => r_cr t | ARBN), ARBN)) /\
(cr_out t = (r_ecr t, r_cr (t+l)))”
Y1
L Rt L Rt e L b Ll el bttt bl ittt
Status Register Block.
................................................................................... %

let DP_SR_GATE = new_definition
('DP_SR_GATE',
“) (inp busA_out :time->wordn#wordn)
(sror_ld sr_rd :time->bool#bool)
(r_sr :time->wordn)
(r_sr_rden :time->bool) .
DP_SR_GATE inp sror_ld sr_rd
r_sr r_sr_rden
busA_out =
f(t:time).
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(r_sr (t+l) = (BSel(sror_ld t))} => BSel(inmp t) | r_sxr t) /\

(r_sr_rden (t+l) = BSel(sr_xd t)) /\

(busA_out t = (((r_sr_rden t) => r_sr t | ARBN), ARBN) ) ”
Yii

close_theory() ;;

e e mmem e emeememememm - —emeemm—mmmmmmmem e eeeeeseme————eeeo-ss-coce-
File: buses_def .ml =
Author: {c) D.A. Pura 1992-93
Date: 4 March 1993

system ‘rm buses_def.th’;;
new_theory ‘buses_def’;;

set_search_path (search_path() @ [‘/bome/elvisé/dfura/ftep/piu/hol/lib/’;
* /home/elvis6/dfura/hol/ml/’;
' /home/elvis6/dfura/hol/Library/tools/’
1)::

map new_parent [‘piuaux_def‘;‘array_def'; ‘wordn def’; 'busn_def’;’ ineq’l;:

new_type_abbrev(‘time’,”inum”};;
new_type_abbrev(‘wordn’, " :num->bool”);;

let Bus2n_CF = new_definition

(’Bus2n_CF’',

“y (m n tnum) (inD1l inD2 :busn#busn)

Bus2n_CP (m,n) inDl inD2 =
let offal = OFFnP (ASel inDl) (m,mn) imn
let offa2 = OFFnP (ASel inD2) (m,n) imn
let offbl = OFFnP (BSel inDl1) (m,n) in
let offb2 = OFFnP (BSel inD2) (m,n) imn
(((~offal) => offa2 | T) /\
((~offbl) => offb2 | T))”

Vi

let Busli2n CP = new_definition

(’‘Busl2n_CF’,

) (m p toum) (inD1 inD2 inD3 inD4 inD5 inDé inD7 inD8 inD9 inp10 inD1l1
inp12 :busn#busn) .

Busi2n CF (m,n) inDl inD2 inD3 inp4 inDS5 inD6 inD7 inD8 inD9 inD10 inD1l1l

inD12 =

let offal = OFPnP (ASel inDl1l) (m,m) in
let offa2 = OFPFnP (ASel inD2) (m,n) in
let offa3 = OPFnP (ASel inD3) (m,n) in
let offad = OFFnP (ASel inD4) (m,n) in
let offa5 = OFFnP (ASel inD5) (m,n) in
let offa6 = OPFnP (ASel inD6) (m,n) in
let offa7 = OPFnP (ASel inD7) (m,n) in
let offa8 = OFFnP (ASel inD8) (m,n) in
let offa9 = OFFnP (ASel inD9) (m,n) in
let offal0 = OFFnP (ASel inD10) (m,mn) in
let offall = OPFDP (ASel inD1l1l) (m,n) in
let offall = OFFnP (ASel inD12) (m,n) in

let offbl = OFFnP (BSel inD1) (m,mn) imn
let offb2 = OFFnP (BSel inD2) (m,m) in
let offb3 = OFFnP (BSel inD3) (m,n) in
let oftb4 = OPFnP (BSel inD4) (m,n) in
let offb5 = OFFnP (BSel inD5) (m,n) in
let offb6 = OFFPnP (BSel inD6) (m,n) in
let offb7 = OFFnP (BSel inD7) (m,n) in

let offb8 = OPFnP (BSel inD8) (m,n) in
let offb9 = OPPnP (BSel inD9) (m,n) in
let of£fbl0 = OPPnP (BSel inD10) (m,n) in
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let offbll = OFFnP (BSel inD11l) (m,n) 4in
let offbl2 = OFFnP (BSel inD12) (m,n) in
(((~ocffal) => (offa2 /\ offa3l /\ offad /\ offaS /\ offaé /\ offa7 /\
offa8 /\ offa9 /\ offalld /\ offall /\ offall) |
(~cffal2) => (offa3 /\ offad /\ offaS /\ offa6 /\ offa7 /\ offa8 /\
offa® /\ offal0d /\ offall /\ offal2) |
(~offa3) => (offad /\ offaS /\ offa6 /\ offa7 /\ offa8 /\ offa9 /\
offall0 /\ offall /\ offal2) |
(~offad) => (offab /\ offaé /\ offa? /\ offa8 /\ offa9 /\ offalld /\
offall /\ offall) |
(~offa5) => (offaé /\ offa? /\ offa8 /\ offad /\ offalld /% offall /\
offall) |
(~offa6) => (offa7 /\ offa8 /\ offa9 /\ offall /\ offall /\ offall)
(~offa7) => (offa8 /\ offa9 /\ offalld /\ offall /\ offal2) |
(~offa8) => (offa9 /\ offall /\ offall /\ offal2) |
(~offa9) => (offall /\ offall /\ offall2) |
(~offal0) => (offall /\ offal2) |
(~offall) => (offal2) | T) /\
((~offbl) => (offb2 /\ offb3 /\ offbd /\ offb5 /\ offbé /\ offb7 /\
offb8 /\ offb9 /\ offbl0 /\ offbll /\ offbl2) |
(~offb2) => (offb3 /\ offbd /\ offbS /\ offbé /\ offb7 /\ offb8 /\
offb9 /\ offbl0 /\ offbll /\ offbl2) |
(~offb3) => (offbd /\ offb5 /\ offbé /\ offb7 /\ offb8 /\ offb9 /\
of£fbl0 /\ offbll /\ offbl2) |
(~offb4) => (offb5 /\ offb6 /\ offb7 /\ offb8 /\ offb9 /\ offbl0 /\
offbll /\ offbl2) |
(~offbS) => (offb6 /\ offb7 /\ offb8 /\ offb9 /\ offbl0 /\ offbll /\
offb11) |
(~offb6) => (offb7 /\ offb8 /\ offb9 /\ offbl0 /\ offbll /\ offbll)
(~of£fb7) => (offb8 /\ offb9 /\ offbl0 /\ offbll /\ offbll) |
(~of£b8) => (offb9 /\ offbl0 /\ offbll /\ offbl2) |
(~offb9) => (offbl0 /\ offbll /\ offbl2) |
(~of£fb10) => (offbll /\ offbl2) |
(~of£bll) => (offbl2) | T))*

Yii

let MERGE2n_GATE = new_definition

( 'MERGE2n_GATE’,
“y (m n :num) (inDl inD2 out

ttime->busnibusn)

MERGE2n_GATRE (m,n) inDl inD2 out =

tt:time.
out t =
(((Bus2n_CF (m,n) (inDl1l t) (inD2 t))
=> (ONnP (ASel(inD1l t)) (m,n)) => (ASel(inDl t)) |
(ONnP (ASel{inD2 t)) (m,n)) => (ASel(inD2 t)) | Offn
| ARBN),
((Pus2n_CF (m,n) (inD1 t) (inD2 t))
=> (ONRP (BSel{(inD1l t)) (m,n)) => (BSel{inDl t}} |
(ONnP (BSel({inD2 t)) (m,n)) => (BSel(inD2 t)) | Offn
{ ARBN))*~
[P
let JOIN2n_GATE = new_definition
(*JOIN2n_GATE’,
“; (m n :num) (inDl inD2 :time->busné#busn) (out :time->wordn¥wordn)

JOIN2n_GATE (m,n) inD1 inD2 out =

tt:time.
out t =
(((Bus2n_CF (m,n) (inDl1l t) (inD2 t))
=> (ONnP (ASel(inDl t)) (m,n)) => wordnVAL (ASel(inD1l t)) |
(ONDP (ASel(inD32 t)) (m,n)) => wordnVAL (ASel(inD2 t))
| wordnVAL (Offn)
| ARBN),
((Bus2n_CF (m,n) (inDl t) (inD2 t})
=> (ONnP (BSel(inDl t)) (m,n)) => wordnVAL (BSel(inDl t)) |
(ONnP (BSel(inD2 t)) (m,n)) => wordnVAL (BSel(inD2 t})

| ARBN))}”
Yii

| wordnVAL (Offnmn)

let JOIN12n_GATE = new_definition

(’JOIN12n_GATE’,
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¥y (m n 1num) (inD1 ipD2 inD3 inD4 inDS inD6 inD7 inD8 inD9 inD10 inD1l
inD12 :time->busn#busn) (out :time->wordn#éwordn) .
JOIN12n_GATE (m,n) inDl1 inD2 inD3 inD4 inD5 inD6 inD7 inD8 inD% inD10 inDll
inD12 ocut =
ttitime.
out t =
(((Busl2n_CP (m,n) (inD1 t) (imnD2 t) (inD3 t) (inD4 t)} (imD5 t)
(ind6 t) (inD7 t) (inD8 t) (inD9 t) (inD10 t) (inD1l t)
(inD12 t))
2> (ONnP (ASel(inD1 t)) (m,n)) => wordnVAL (ASel(inDl t))
(ONnP (ASel(inD2 t)) (m,n)} => wordnVAL (ASel(inD2-t})
(ONDP (ASel(inmD3 t)) (m,n)) => wordnVAL (ASel(inD3 t})
(ONnP (ASel(inD4 t)) (m,n)) => wordnVAL (ASel(inDd t))
(ONDP (ASel(inD5 t)) (m,n)) => wordnVAL (ASel(inDS t))
(ONDP (ASel(inD6 t)) (m,n)) => wordnVAL (ASel(inD6 t))
(ONDP (ASel(inD7 t)) (m,n)) => wordnVAL (ASel(inD7 t))
(ONDP (ASel(inD8 t)) (m,n)) => wordnVAL (ASel(inD8 t))
(ONDP (ASel(inD9 t)) (m,n)) => wordnVAL (ASel(imD$ t))
(ONnP (ASel(imnD10 t)) (m,n)) => wordnVAL (ASel(inD10 t)) |
(ONnP (ASel(inD1il t)) (m,n)) => wordnVAL (ASel(inDll t)) |
(ONnP (ASel(imDP12 t)) (m,n)) => wordnVAL (ASel(inD12 t})
| wordnVAL (Offn)

| ARBN),
((Bus12n_CF (m,n) (imnpl t) (inD2 t) (inD3 t) (inD4 t) (inD5 t)
(ioD6 t) (inD7 t) (inD8 t)} (inD9 t) {inD10 t) (inD11 t)
(inD12 t))
=> (ONoP (BSel(imD1 t)) (m,mn)) => wordnVAL (BSel(inDl t))
(ONnP (BSel(inD2 t)) (m,n)) => wordnVAL (BSel(inD2 t))
(ONDP (BSel(inD3 t)) (m,n)) => wordnVAL (BSel(inD3 t))
(ONDP (BSel(inD4 t)) (m,n)) => wordnVAL (BSel(inD4 t))
(ONnP (BSel(inD5 t))} (m,mn)) => wordnVAL (BSel(inD5 t))
(ONnP (BSel(inDé t)) (m,n)) => wordnVAL (BSel{(inD6 t))
(ONDP (BSel{inD7 t)) (m,n)) => wordnVAL (BSel(inD7 t))
(ONDP (BSel(inD8 t)) (m,n)) => wordnVAL (BSel(inD8 t))
(ONnP (BSel(inD% t)) (m,n)) => wordnVAL (BSel(imD9 t))
(ONnP (BSel(inD10 t)) (m,n)) => wordnVAL (BSel(inD10 t)) |
(ONDP (BSel{inD11 t)) (m,n)) => wordnVAL (BSel(inD1ll t)) |
(ONDP (BSel(inD12 t)) (m,n)) => wordaVAL (BSel{inD12 t})
| wordnVAL (Offnm)

| ARBN))”
| E¥}

close_theory();:;
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3 PIU Design Specification

This section contains the HOL listings for the PIU design specification. Subsection 3.1 contains defini-
tions used throughout the PIU specification. Subsections 3.2-3.6 contain the specifications for the P-Port,
M-Port, R-Port, C-Port, and SU-Cont, respectively. Each of these subsections contains three theories, defin-
ing the data stuctures, the gate-level structure, and the clock-level behavior for each of the five PIU ports.

3.1 PIU-Applicable Definitions

This section contains the code for the theory pinaux_def, containing several definitions used throughout
the PIU specification.

By e et = —————————————————
File: piuaux_def.ml
Author: (c) D.A. Pura 1992-93
Date: 1 March 1993

This file contains auxiliary definitions needed for the specification of the
PTEP PIU, an ASIC developed by the Embedded Processing Laboratory, Boeing
High Technology Center.

________________________________________________________________________________ %
set_flag (’'timing’, true);:;
set_search_path (search path() @ [‘/home/elvisé/dfura/ftep/piu/hol/lib/’;
‘/home/elvisé/dfura/hol/Library/abs_theory/’
1}::
system ‘rm piluaux_def.th’;;
new_theory ‘piluaux_def’;;
loadf ‘abs_theory’;:
new_type_abbrev(’‘time’, “:num”);;
new_type_abbrev(‘wordn’, “:(num->bool)”*);;
G e e e e e e~ = i e e e e
Abstract data type for the SU_Cont PSM states.
________________________________________________________________________________ %

let sfsm_ty Axiom =
define_type ‘sfsm_ty_Axiom’
‘sfsm_ty = SSTART | SRA | SPFP | S8COI | SCOF | 8T | S8CiI |
SC1F | 88 | 89TOP | SCS | SN | 80';;

let ASel = new_definition
(‘ASel’,
“1x:*#* . ASel x = FST x”
Vi

let BSel = new_definition
(‘BSel’,
“Ix:*#* . BSel x = SND x”
Vi

let sig = new_definition
(‘sig’,
“sig (sel :*->**) (signal :time->*) = (\t. (sel (signal t)))~
Vi
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let asig = new_definition
(‘asig’,
“asig (sel :*->**§**) (signal :time->*) = (\t. ASel (sel (signal t)))”
Yis

let bsig = new_definition
(‘bsig’,
“pbeig (sel :*->**§+**) (signal :time->*) = (\t. BSel (sel (sigmal t)))}~”
Vi

let VDD = new_definition
{('vDD‘,
“{ t:time . VDD t = T,T"
Vi

let GND = new_definition
(‘GND‘,
] titime . GND t = P,P”
Y

let REP_lemma = new_abstract_representation ‘REP’

[{‘Andn’, “:(wordn#wordn->wordn)”);
(+orn’, “:{wordn#wordn->wordn)”);
( ‘Ham_Dec’, *:{wordn->wordmn)”);
(‘Ham_Detl’, “:(wordn->wordn)”};
( ‘“Ham_Det2’, “:(wordn#bool->bool)”);
(‘Ham_EBnc’, *:(wordn->wordn)”);
(‘Par_Dec’, *:(wordn->wordn)”);
(‘Par_Det’, “:(wordn->bool)”};
(‘Par_Bnc’, “:(wordn->wordn)”)

11

let rep_ty = abs_type_info REP_lemma;;

close_theory();:

3.2 P-Port Definitions

This section contains the theories paux_def, pblock_def, and pclock_def, defining the P-Port design.

Rpmm——mmm~emmmemmmmemmemeeee-—eememmmeemEmmmmm——m e eesesse—eese-eoemm—-s——sooo-o-
Flle: paux_def.ml
Author: {c) D.A. Pura 1952
Date: 10 December 1992

set_flag (‘timing’, true);;
set_search_path (search path() @ [’ /home/elvisé/dfura/ftep/piu/hol/1lib/*;
’/home/elvis6/dfura/hol/Library/work/’

1

system ‘rm paux_def.th’;;

new_theory ‘paux_def’;;

map new_parent [‘busn_def’];;

new_type_abbrev (‘time’, “:num”);;

new_type_abbrev (’‘timeC’, “:num”);;

new_type_abbrev (‘wordn’, “:(num->boocl)”};;
new_type_abbrev (’busn’, “:(num->wire)”);;
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................................................................................ %
let pfsm_ty Axiom =
define_type ‘pfsm_ty Axiom’
‘pfam_ty = PH | PA | PD’;;
B m e e e e e e e
Abstract data type for the P-Port instruction
________________________________________________________________________________ %
let PCI = =
define_type 'PCI’
‘PCI = PC_X';;
Qm m = = e e e e e e o —mm —————————_————————————————
Abstract data type for the state.
................................................................................ %

let pc_state =
define_type ’‘pc_state’
‘pc_state = PCStates wordn bool wordm bool pfsm_ty bool bool bool
bool bool bool bool bool wordn bool bool bocol
bool bool bool’;;

let P_addrS = new_recursive_definition

false

pc_state

'P_addrs’

“p_addrs (PCState P_addr P_destl P_be_ P_wr P_fsm state P_£fsm_rst
P_fasm _mrqgqt P_fsm sack P_fsm_cgnt_ P_fem_crqgqt_ P_fsm_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P _rale_ )

= P_addrv;;

let P_destlS = new_recursive_definition

false

pc_state

'P_destls’

“p_destl8 (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm rst
P_fsm_mrqgt P_fem_sack P_fsm_cgnt_ P_fam_crqt_ P_£fsm_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_destl”;;

let P_be_S = new_recursive_definition

false

pc_state

‘P_be_8”’

~“p_be_8 (PCState P_addr P_destl P_be_ P_wr P_fam_state P_f£fsm_xst
P_fsm mrqgqt P_fsm_sack P_fem _cgnt_ P_fsm crqgt_ P_fsm_hold_
P_fsm _lock_ P_rqt P_size P_locad P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_be_";;

let P_wrS = new_recursive_dsfinition

false

pc_state

‘P_wrs’

“pP_wrS (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm_rst
P_fsm _mrqt P_fsm_sack P_fsm_cgnt_ P_fsm crqgt_ P_fsm_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_ )

= P_wr”;;

let P_fsm_stateS = new_recursive_definition

false

pc_state

‘P_fam_states’

~p fam stateS (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fam rst
P_fam_mrqgt P_f£fsm_sack P_fsm _cgnt_ P_fesm crqt_ P_fem_hold_
P_fom_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_fam_state”;;
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let

let

let

let

let

let

let

let

P_fsm_rstS = new_recursive_definition

false

pc_state

'p_fasm_rstS’

“p_fsm_rstS (PCState P_addr P_destl P_be_ P_wr P_fasm_state P_fsm _rst
p_fsm_mrqgt P_fsm_sack P_fsm cgnt_ P_fesm_crqt_ P_fem_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_)

= P_fom_ret”;;

P_fam_mrgts = new_recursive_definition

false

pc_state

‘P_feom mrqgts’

~p_fsm_mrqtS (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fsm rst
P_fsm_mrqt P_fsm_sack P_fsm cgnt_ P_fsm _crqt_ P_fsm hold
P_fsm_lock_ P_rqgt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_ )

= P_fsm _mrqt”;;

pP_fsm_sacks = new_recursive_definition

false

pc_state

'pP_fasm sackS’

«p_fsm_sackS (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fam_rst
P_fsm_mrqgt P_fsm_sack P_fsm cgnt_ P_fsm_crgt_ P_fsm_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_)

= P_fsm_sack”;;

P_£sm_cgnt_§ = new_recursive_definition

false

pc_state

‘p_fsm_cgnt_8S'

»p_fsm_cgnt_S (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm rst
P_fsm_mrqt P_fsm sack P_fsm_cgnt_ P_fsm _crqt_ P_fem _hold
P_fsm_lock_ P_rqt P_size P_locad P_down P_lock_ P_lock_inh_
P_male_ P_rale_ )

= P_fsm_cgnt_";,

P_fem _crgt_8 = new_recursive_definition

false

pc_state

‘p_fem_crqt_S’

~p_fasm_crqt_8 (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm rst
P_fem_mrqgt P_fem_sack P_fsm_cgnt_ P_fsm _crqt_ P_£fsm_hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_ )

= P_fsm_crqt_”;:

P_fasm hold S = new_recursive_definition

false

pc_state

‘P_fsm_hold_S8’

#p_fem_hold S (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fsm_rst
P_fsm mrqt P_fsm_sack P_fsm cgnt_ P_fsm_crqt_ P_fsm_hold_
p_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_)

= P_fem_hold_";;

P_fsm_lock_8 = new_recursive_definition

false

pc_state

'p_£am_lock_ 8’

~p_ fsm_lock_8 (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fem_rst
P_fsm mrqgt P_fsm_sack P_fsm cgnt_ P_fem_cxrqt_ P_fsm hold_
P_fsm_lock_ P_rqt P_size P_locad P_down P_lock_ P_lock_inh_
P_male_ P_rale )

= P_fem_lock_";;

P_rgtsS = new_recursive_definition
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let

let

let

let

let

let

let

false

pc_state

'P_rqts’

“P_rqts (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fsm rst
P_fem _mrgt P_fesm_sack P_fsm_cgnt_ P_fsm_crqt_ P_fsm_hold_
P_fem_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_rqt¥;;

P_sizeS = new_recursive_definition

false

pc_state

‘P_sizeS’

“p_sizeS (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm_rst
P_fsm_mrqgt P_fsm_sack P_fsm cgnt_ P_fsm crqgt_ P_fsm hold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_size”;;

P_lcadS = new_recursive_definition

false

pc_state

'‘P_loads’

#p_loadS (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm_rst
P_fsm_mrqgt P_fsm_sack P_fsm_cgnt_ P_fsm_crqt_ P_fsm_hold_
P_fsm_lock_ P_rqgt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_ )

= P_load”;;

P_downS = new_recursive_definition

false

pc_state

*P_downS’

“pP_downS (PCState P_addr P_destl P _be_ P_wr P_fsm_state P_fsm_rst
P_fsm mrqt P_fsm_sack P_fsm cgnt_ P_fsm_crqt_ P_fsm hold_
P_fsm_lock_ P_rqt P_size P_lcad P_down P_lock_ P_lock_inh
P_male_ P_rale_)

= P_down”;;

P_lock_8 = new_recursive_definition

false

pc_state

'‘P_lock_S’

“P_lock_8 (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm_xet
P_fsm_mrqt P_fsm_sack P_fsm cgnt_ P_fsm crqt_ P_fsm hold_
P_fsm _lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_ )

= P_lock_";,

P_lock_inh S = new_recursive_definition

false

pc_state

'P_lock_1inh_8*

“P_lock_inh S (PCState P_addr P_destl P_be_ P_wr P_fsm state P_fsm rst
P_fsm_mrgt P_fsm _sack P_fsm cgnt_ P_fsm crqt_ P_fsm hold
P_fem_lock_ P_rqgqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_lock_inh_";;

P_male_S = new_recursive_definition

false

pc_state

'P_male_S’

“P_male_S (PCState P_addr P_destl P_be_ P_wr P_fem state P_fsm rst
P_fsm mrqgqt P_fsm_sack P_fsm_cgnt_ P_fsm _crqt_ P_fsm hold_
P_fem_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh_
P_male_ P_rale_)

= P_male_";;

P_rale_S8 = new_recursive_definition

false
pc_state
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‘P_rale_8’

“p_rale_S (PCState P_addr P_destl P_be_ P_wr P_fsm_state P_fsm _rst
P_fem_mrgt P_fam sack P_fsm_cgnt_ P_fsm_crqt_ P_fsm_bold_
P_fsm_lock_ P_rqt P_size P_load P_down P_lock_ P_lock_inh
P_male_ P_rale_ )

= P_rale_";;

let State_CASES =
prove_cases_thm (prove_induction _thm pc_state);;

let State_Selectors_Work = prove_thm -
(‘State_Selectors_Work’,
“1si1pc_state .
s = (PCState (P_addrS s) (P_destlsS s) (P_be_8 ») (P_wrS s) (P_fsm_stateS s)
(P_fsm_rstS s) (P_fsm mrqts s) (P_fsm sacks s) (P_fam_cgnt_8S s}
(P_fsm crqt_S s) (P_tsm_hold S s) (P_fem_lock_S s) (P_xrqts s)
(p_sizesS 8} (P_loads s) (P_downsS s) (P_lock_ S s) (P_lock_inh 8 s)
(P_male_S s) (P_rale_S s)}~,
GEN_TAC
THEN STRUCT _CASES_TAC (SPEC #g:pc_state” 8tate_CASRS)
THEN REWRITE_TAC [P_addrS; P_destlS; P_be_8; P_wrS; P_fsm_stateS; P_fasm_rstS;
P_fsm mrqtS; P_fsm_sackS; P_fsm cgnt_8; P_fsm_crqgt_S;
P_fsm_hold 8; P_fsm_lock_S; P_rqts; P_size8; P_locads;
P_downsS; P_lock_8; P_lock_inh_S; P_male_S; P_rale_S]

let pc_env =
define_typs ‘pc_env’
‘pc_env = PCEnv bool#boocl wordn#wordn bool#bool booli#bool
wordn#wordn bool#bool boolé#bool wordnéwordn
bool#bool bool#bool bool#bool’;;

let RstE = new_recursive_definition
false
pc_env
‘RstR’
~RgtE (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold I_srdy_ )
= Rst”;;

let L_ad_inB = new_recursive_definition
false
pc_env
‘L_ad_ink’
»L_ad_inE (PCEnv Rst L_ad_in L_ads_ L_den_ L _be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_I_srdy_ )
= L_ad_in”";;

let L_ads_B = new_recursive_definition
false
pc_env
‘L_ads_BR‘
#], ads_B (PCBnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy )
= L_ads_";;

let L_den_B = new_recursive_definition
false
pc_env
‘L_den_B’
#L,_den_B (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy )
= L_den_*;;

let L_be_E = new_recursive_definition
false
pc_env



‘L_be_E'’

“L_be_E (PCBnv Rst L_ad_in L_ads_ L_den_ L _be_L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy. )

= L_be_";;

let L_wrE = new_recursive_definition
false
pc_env
‘L_wrE’
“L,_wrE (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L _wr L_lock_ I_ad_in
I_cgnt_ I_hold I_srdy ) -
= L_wr”;;

let L_lock_B = new_recursive_definition
false
pc_env
‘L_lock_B’
~#L,_lock_B (PCBnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy_)
= L_lock_";;

let I_ad inR = new_recursive_definition
false
pc_env
‘I_ad_inB’
“T ad_inE (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy_ )
= I_ad in~;;

let I_cgnt_E = new_recursive_definition
false
pc_env
‘I_cgnt R’
“I cgnt_B (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I cgnt_ I _hold_ I_srdy_ )
= I_cgnt_";;

let I_hold B = new_recursive_definition
false
pc_env
‘I_hold_E’
“T hold_E (PCEnv Rst L_ad_in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy_)
a I_hold ~;;

let I_srdy B = new_recursive_definition
false
pc_env
'I_srdy_E’
#T srdy B (PCEnv Rst L_ad in L_ads_ L_den_ L_be_ L_wr L_lock_ I_ad_in
I_cgnt_ I_hold_ I_srdy )
= I_srdy_";:

let Bnv_CASES =
prove_cases_thm (prove_induction_thm pc_env);;

let Bnv_Selectors_Work = prove_thm
{ 'Env_Selectors_Work’,
“lespc_env .
e = (PCEnv (RstR @) (L_ad_inE e} (L_ads_E e) (L_den_RE @) (L_be_E e)

(L_wrB @) (L_lock B @) (I_ad_inR e) (I_cgnt_ B e) (I_hold_E e)
(I_sxrdy E o))",

GEBEN_TAC

THEN STRUCT_CASES_TAC (SPRC “e:pc_env” Env_CASES)

THEN REWRITE_TAC [RstB; L_ad_inR; L _ade_E; L_den E; L _be_R; L_wrE; L_lock_E;

I_ad_inE; I_cgnt_E; I_hold_E; I_srdy_R]
Y1
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let

let

let

let

let

let

let

let

let

let

pec_out =

define_typs ’‘pc_out’

‘pc_out = PCOut busni#busn bool#bool busnibusn busn#busn
wire#wire wire#wire bocl#bool bool#bool wire#wire
wire#wire bool#bool boolébool’;;

L_ad_outO = new_recursive_definition
false
pc_out
‘L_ad_outO’
«L,_ad_outO (PCOut L_ad_ocut L_ready_ I_ad out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I_mrdy_ I _last_ I_hlda_ I_lock_)
= L_ad_out”;;

L_ready O = new_recursive_definition
false
pec_out
'L_ready O
»1,_ready_O (PCOut L_ad _out L_ready_ I_ad_out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I mrdy I _last_ I _hlda_ I_lock_)
= L_ready_";;

I_ad_outO = new_recursive_definition
false
pc_out
*I_ad_outo’
~I_ad_outO (PCOut L_ad_out L_ready_ I_ad out I_be_ I_rale_ I _male_
I_crgt_ I_cale_ I _mrdy I last_ I_hlda_ I_lock )
= I_ad_out”;;

I_be_O = new_recursive_definition
falise
pc_out
‘I_be_O'
“I_be_0O (PCOut L_ad_out L_ready_ I_ad out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I _mrdy I_last_ I_hlda_ I_lock_)
= I _be_";;

I_rale_0 = new_recursive_definition
false
pc_out
‘I_rale O’
“I_rale_O (PCOut L_ad_out L_ready_ I_ad out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I_mrdy I_last_ I_hlda_ I_lock_)
= I_rale_";;

I_male_0 = new_recursive_definition
false
pc_ocut
'I_male_O°
“T_male_O (PCOut L_ad_ocut L_ready_ I ad out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I_mrdy I_last_ I_hlda_ I_lock_)
= I_male_";:

I_crgt_O = new_recursive_definition
false
pc_out
'I_crqt_O'
#I_crgt_© (Pcout L_ad_out L_ready I_ad_ocut I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I_mrdy I _last_ I_hlda_ I_lock_)
= I_cxqgt_";,

I_cale_O = new_recursive_definition
false
pc_out
‘I_cale_O’
“T cale_O (Pcout L_ad_out L_ready_ I_ad _out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I_mrdy_I_last_ I_hlda_ I_lock_)
= I_cale_";,

I_mrdy O = new_recursive_definition
false
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let

let

let

let

let

pc_out

'I_mrdy O’

“I mrdy 0 (Pcout L_ad_out L_ready I_ad_out I_be_I_rale_ I _male_
I_crqt_ I_cale_ I_mrdy I_last_ I_hlda_ I_lock_)

= I_mrdy ";;
I_last_O = new_recursive_definition
false
pc_out
‘I _last_0O’
#T last_O (PCOut L_ad_out L_ready I_ad out I _be_I_rals_ I_mal®_
I_crqt_ I _cale_ I _mrdy_ I_last_ I_hlda_ I_lock_)
= I_last_";;
I_hlda_©O = new_recursive_definition
false
pe_out
I_hlda_o0’
#I_hlda_0 (PCOut L_ad_out L_ready_ I_ad_out I_be_ I_rale_ I_male_
I_crqt_ I_cale_ I _mrdy_I_last_ I_hida_ I_lock_)
= I_hlda_";;
I_lock_O = new_recursive_definition
false
pc_out
*I_lock_O°
~I_lock_O (Pcout L_ad_out L_ready_I_ad_out I_be_ I_rale_ I _male_
I_crgt_ I_cale_ I_mrdy I_last_ I_hlda_ I_lock_ )
= I_lock_";;
Out_CASES =

prove_cases_thm (prove_induction_thm pc_out);;

Out_Selectors_Work = prove_thm
(‘Out_Selectors_Work’,
~ip:ipc_out
p = (PCOut (L_ad_outO p) (L_ready O p) (I_ad_outO p) (I_be_ O p) (I_rale O p)
(I_male_O p) (I_cxrqgt_©O p) (I_cale_O p) (I_mrdy O p) (I_last_O p)
(I_blda_0O p) (I_lock_ O p))~,
GEN_TAC
THEN STRUCT_CASRS_TAC (SPEC “p:pc_out” Out_CASES)
THEN REWRITE_TAC [L_ad_outO; L ready O; I_ad outO; I_be_0O; I_rale_O;
I_male_0O; I_crqt_O; I_cale_0; I_mrdy O; I_last_0O; I_hlda_O;

I_lock_0)
Vi
close_theory();;
g
Pile: pblock_def.ml
Author: (c}) D.A. Pura 1992
Date: 18 February 1993

This file contains the ml source for the gate-level specification of the PIU
P-Port, an ASIC developed by the Embedded Processing Laboratory, Boeing High
Technology Center.

set_search _path (search_path() @ [’'/home/elvisé/dfura/ftep/piu/hol/pport/‘;

‘/home/elvis6 /dfura/ftep/piu/bol/1ib/‘;
‘/home/elvis6/dfura/hol/Library/tocls/’;
‘/bome/elvieé6/dfura/hol/ml/ "’

1Y

set_flag (‘timing’, true);;

system ‘rm pblock_def.th’;;
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new_theory ‘pblock_def’;:;
loadf ‘aux_defs’;;

map new_parsnt ['paux_d.t‘;’vordn_dot';‘array_do!';'tfl_dot';'countorl_d.t'];;
map load_parent ['piuaux_dof';'gatol_dotl‘:'latch.l_dof':'buuol_dof‘];:

let Data_Latches_GATE = new_definition
(’Data_Latches_GATE’,
#y (lad_in lbe_in_ :time->wordni#wordn) (lwr_in en_in be_sel :time->bool#tbool})
(addr be_ itime->wordn) (destl wr :time->bool)
(data_out addr_out be_out_ : time->wordn#wordn)
(destl_out wr_out :time->booli#bool)
Data_Latches_GATE lad_in lbe_in_ lwr_in en_in be_sel
addr destl be_ wr
data_out addr_out destl_out be_out_ wr_out =
! t:time .
(addr (t+l) =
(ASel(en_in t)) => SUBARRAY (ASel({lad_in t)) (25,0) | addr t) /\
(destl (t+l) =
(ASel(en_in t)) => ELEMENT (ASel(lad_in t)) (31) | destl t) /\
(be_ (t+l) = (ASel(en_in t)) => ASel{lbe_in_ t) | be_ t) /\
(wr (t+l) = (ASel(ep_in t)) => ASel(lwr_im t) | wr t) /\

(data_out t = (ASel(lad in t), AsSel(lad in t})) /\
{let od1 = MALTER ARBN (31,28) (be_ (t+l)) in
(let od2 = ALTER odl (27) (wr (t+l}) in
(let od3 = ALTER od2 (26) F in
(let odd = MALTER od3 (25,24) (SUBARRAY (addr (t+l1)) (1,0)) in
(let od5 = MALTER odd (23,0) (SUBARRAY (addr (t+l)) (25,2)) in
(addr_out t = (od5, od5))))))) /©\
(destl_out t = ((destl (t+l)), (destl (t+1)))) /N
(be_out_ t = {((ASel(be_sel t)) => be_ (t+l) | ASel(lbe_in_ t)) ,
((BSel(be_sel t)) => be_ (t+1l) | ASel(lbe_in_t)))} /\
(wr_out t = (wr (t+l) , wr (t+l))})”

L et e L L L L LD L bbbttt bt bbbttt
Input logic for P_rqt latch.
................................................................................ %
let Req _Inputs_GATE = nevw_definition
(’Req_Inputs_GATE’,
#y (1_ads_ 1l_den_ reset_rqt :time->booliébool)
(rqt_ins rqt_inR rqt_inE :time->bocli#bool) .
Req Inputs_GATE 1l_ads_ 1 _den_ reset_rqt rqt_inS rqt_inR rqt_inB =
{ titime .
(rqt_ins t = ((~ASel{(l_ads_ t) /\ ASel(l_den_ t)) ,
(~BSel(l_ads_ t) /\ BSel(l _den_ t)))) /\
(rqt_inR t = (ASel(resst_rqgt t)} . BSel(reset_xqgt t))) /\
(rqt_inE t = ((ASel(rgt_inS t) \/ ASel(rqt_imR t}) .
(BSel(rqgt_ins t) \/ BSel(rqt_imR t)}))))~”
Vi
T RS e D L e DL Db DR bbbttt bt
Input logic for P_size counter.
................................................................................ %

let Ctr_Logic_GATE = new_definition
(‘Ctr_Logic_GATE’,
“] (1_ad_in :time->wordn#wordn) (load in down_in zerc_cnt :time->bool#bool)
(p_size :time->wordn) (p_load p_down :time->bool) .
ctr_Logic_GATE 1_ad_in load_in down_in zero_cnt p_size p_load p_down =
{ t:time .
(p_load (t+l) = BSel(load_im t}) /\
(p_down (t+1) = BSel(down_in t)} /\
(p_size (t+l) = (p_lcad t)
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=> SUBARRAY (BSel(l_ad_im t})) (1,0) |
(p_down t) => DECN 1 (p_size t) | p_size t) /\

(zexro_cnt t =
((p_size t = (p_down t) => (WORDN 1 1) | (WORDN 1 0}),
(p_size t = (p_down t) => (WORDN 1 1) | (WORDN 1 0)))})”

Accumulated random logic.
___________________________________________________________________ TSP : %

let Scat_Logic_GATE = new_definition
('Scat_Logic_GATE’,
“#} (p_addr :time->wordn#wordn)
(rst fsm_astate fsm_dstate fsm_hlda_ p_destl p_wr p_rqgt :time->bool#bool)
(zero_cnt 1_srdy_ i_ad_data_out_en l_ad_out_en_ i_rale_ :time->bool#bool)
(i_male_ i_crqt_ fsm_mrqt fsm_rst fsm_sack reset_rqt :time->booli##bool)
(1_ready :time->bool#bool)
Scat_Logic_GATE rst fsm_astate fsm_dstate fsm hlda_ p_addr p_destl p_wr
p_rqt zero_cant i_srdy_ 1_ad_data_out_en 1l_ad_ocut_en_ 1_rals_
i_male_ i _crgqt_ fsm_mrqt fsm_rst fsm_sack reset_rqt

l_ready =
! t:time .
(i_ad_data_out_en t = (ASel(p_wr t) /\ ASel(fam dstate t)),
(BSel(p_wr t) /\ BSel(fsm_dstate t))} /\
(l1_ad out_en_ t = ((ASel(fsm_astate t} \/

~ASel(fsm_hlda_ t) \/
ASel (fsm_dstate t) /\ ASel(p_wr t)),
(BSel (fsm_astate t} \/
~BSel (fem_hlda_ t} \/
BSel(fsm_dstate t) /\ BSel(p_wr t)))) /\
(i_rale_ t = ((~(~ASel(p_destl t) /\
( (SUBARRAY (ASel(p_addr t)) (23,22)) = (WORDN 1 3))
(ASel (fsm_astate t)) /\
(ASel(p_xrqt t}))},
(~(~BSel(p_destl t) /\
( (SUBARRAY (BSel(p_addr t)) (23,22)) = (WORDN 1 3})
BSel(fsm_astate t) /\
BSel(p_xqt t))))) /\
(i_male_t = ((~(~ASel(p_destl t) /\
~( (SUBARRAY (ASel(p_addr t)) (23,22)) = (WORDN 1 3))
ASel(fsm_astate t) /\
ASel(p_rqt t))),
(~(~BSel(p_destl t) /\
~( {SUBARRAY (BSel(p_addr t)) (23,22)) = (WORDN 1 3))
BSel(fsm_astate t) /\
BSel(p_xqt t))))) /\
(i_crqt_ t = ((~(ASel(p_destl t) /\
(ASel(p_xqt t}))),
(~(BSel{p_destl t) /\
(BSel{p_xqgt t}))}))) /\
(fsm_mrqt t = ((~ASel(p_destl t) /\ ASel(p_rqt t)),
(~BSel(p_destl t) /\ BSel(p_xrqt t))})) /\
(f£sm_rst t = (ASel(rst t), BSel(rst t))) /\
(fsm_sack t = ((ASel(zero_cnt t) /\ ~ASel(i_srdy_ t)
/\ ASel{fsm_dstate t)),
(BSel(zero_cnt t) /\ ~BSel(i_srdy_ t)
/\ BSel(fsm_dstate t}))) /\
(reset_rqgt t = ((ASel(rst t) \/ ASel(fsm_sack t}),
(BSel(rst t) \/ BSel(fsm_sack t)))) /\
(l_ready t = ((~ASel(i_srdy_ t) /\ ASel(fsm dstate t)]},
(~BSel(i_srdy_t) /\ BSel(fsm_dstate t))))”

let Lock_Inputs_GATE = new_definition
(’Lock_Inputs_GATE’,
#1 (rst fsm_dstate p_male_ p_rale_ :time->boolébool)
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(lock_inE lock_inh_inE :time->bool#bool) .
Lock_Inputs_GATE rst fsm_dstate p_male_ p_rale_ lock_inE lock_inh inE =
! titime .
(lock_inE t = (ASel(rst t) \/ ASel(fsm_dstate t)),
(BSel(xrst t) \/ BSel(fsm dstate t))) /\
(lock_inh_inB t = (ASel{rst t) \/ ~ASel(p_male_ t} \/ ~ASel(p_rale_ t)},
(BSel(rst t) \/ ~BSel(p_male_ t)} \/ ~BSel(p_rale_ t)})”

P RREREEE E RS S S EEE S
P-Port controller state machine. -
________________________________________________________________________________ %
let FSM_GATRE = new_definition
('FSM_GATB’,
#y (rst_in mrqt_in sack_in cgnt_in_ crqt_in_ hold_in_ :time->bool#bool)
(lock_in_ :time->bool#bool)
(atate :time->pfsm_ty)
(rst mrqt sack cgnt_ crqt_ bhold_ lock_ :time->bool)
(astate_out dstate_out hlda_out_ :time->boolibool) .
PSM_GATE rst_in mrqt_in sack_in cgnt_in_ crqt_in_ hold_in_ lock_inm_
state rst mrqt sack cgnt_ crqt_ hold_ lock_
astate_out dstate_out hlda out_ =
! t:time .
(state (t+l) =
(rst t) => PA |
(state t = PH) => ((hold_t) =a> PA | PH) |
(state t = PA) =>
(((mrqgqt t)} \/
((~cxqgt_ t) /\ ~cgmt_ t)) => PD |
({{~hold_ t) /\ lock_ t) => PH | PA)) |
((sack t /\ hold_ t) => PA |
(sack t /\ (~hold_ t) /\ ~lock_ t) => PA |
(sack t /\ (~hold_t) /\ lock_ t) => PH | PD}) /\
(rst (t+l) = BSel(rst_imn t)) /\
(mrqgqt (t+l) = BSel (mrqt_in t)) /\
(sack {(t+l) = BSel(sack_in t)) /\
(egnt_ {(t+l) = BSel(cgmt_in_ t)) /\
(cxqt_ (t+1) = BSel(crqgt_im t}) /\
(hold_ (t+l) = BSel(hold_in_ t)) /\
(lock_ (t+1) = BSel(lock_im_ t)) /\
(astate_ocut t = (state (t+l) = PA) , (state (t+l} = PA)) /\
(dstate ocut t = (state (t+l) = PD) , (state (t+l) = PD)}) /\
(hlda_ocut_ t = (~(state (t+1) = PH)) , (~-(state (t+l) = PH)})"
Yis
Gjm e m == m— e mm e mm e m e mm e e mm e e m e e e mm - o——aess——e—eoo
P-Port Block.
________________________________________________________________________________ S

let PBlock_GATE = nev_definition
(’PBlock_GATR’,
#) (s i1time->pc_stats) (e :time->pc_env) (p ttime->pc_out)
PBlock_GATE 8 e P =
7 (fsm_astate fsm_dstate rgt_ data_out_en reset_rqt :time->boolibool)
(data_out addr_cut be_cut :time->wordn#wordn)
(ad_data_out ad_addr_out :time->busnibusn)
(rqt_ins rqt_inR rqt_inB rqt_outQ :time->boolébool)
(zero_cnt zero_cant_ l_ad _out_en_ rale_ male_ 1time->bool#ibool)
(fsm_mrqt fsm_rst fsm_sack 1_ready i_cgnt lock_inE 1time->boolibool)
{lock_outQ lock_inh inE lock_inh ocutQ p_male_outQ 1time->bool#bool)
(p_rale_outQ lock_outQ destl_out wr_out 1time->bool#bool) .
(Data_Latches_GATE (sig L_ad_inE e) (sig L_be E e) (sig L_wrE @) rqQt_
fsm_astate (sig P_addrS s) (sig P_destlS s)
(sig P_be_8 s) (sig P_wrs s) data_out addr_out
destl_out be_out wr_out) /\
(TRIBUFPD_GATE data_out data_out_en ad_data_out) /\
(TRIBUFn_GATE addr_out fsm_astate ad_addr_out) /\
(MERGE2n_GATE (31,0) ad_data_out ad_addr_out (sig I_ad _outo p)) /\
(TRIBUFn_GATE be_out (sig I_hlda O p) (sig I _be O p)) /\
(Reg_Inputs_GATE (sig L_ads_E e) (sig L_den B @) reset_rgt rqt_ins
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rgt_inR rqt_inR) /\
(DSRELatB_GATE GND rqt_insS rgt_inR rqt_inE (sig P_rqts s) rqt_outQ) /\
(NOT_GATR rqt_outQ rqt_) /\
(Ctr_Logic_GATE (sig L_ad_inE e) rqt_ l1_ready zero_cnt (sig P_sizes s)
(sig P_loads s) (sig P_downs s)) /\
(Scat_Loglic_GATR (sig RstR e) fsm_astate fem_dstate (sig I_hlda_ O p)
addr_out destl_out wr_out rqgt_outQ zero_cnt
(sig I_srdy B e) data_out_en 1_ad_out_en_ rale_ male_
(sig I_crqt_O p) fsm_mrqt fsm_rst fsm_sack reset_xrqt
1_ready) /\
(TRIBUP_GATE rale_ (sig I_hlda_O p) (sig I_rale_O p)) /\ -
(TRIBUF_GATE male_ (sig I_hlda_O p) (sig I_male_O p}) /\
(TRIBUF_GATE GND (sig I_hlda_O p) (sig I_mrdy O p)) /\
(NOT_GATE zero_cnt zero_cat_) /\
(TRIBUF_GATE zero_cnt_ (sig I_hlda_0 p) (sig I_last_O p)) /\
(NOT_GATE 1_ready (sig L_ready O p)) /\
(DSELatB_GATR (sig L_lock_E e) (sig RstE e) lock_inE (sig P_lock_5S s)
lock_outQ)} /\
(DSELatB_GATE (sig L_lock_R e) (sig RstE e) lock_inh_inE
(sig P_lock _inh S s) lock_inh_outQ) /\
(Lock_Inputs_GATE (sig RstR e) fsm_dstate p_male_outQ p_rale_outQ
lock_inE lock_inh_inR) /\
(DELatB_GATE male_ fsm_astate (sig P_male_S s) p_male_ocutQ) /\
(DELatB_GATE rale_ fsm_astate (sig P_rale_s s) p_rale_outQ) /\
(NOT_GATE lock_outQ lock_outQ_) /\
(NAND2_GATE lock_outQ_ lock_inh_outQ (sig I_lock_0 p)) /\
(NOT_GATE (sig I_cgnt_R e) i_cgnt) /\
(NAND3_GATE i_cgnt fsm_astate (sig I_hold_RE e) (sig I_cale O p)} /\
(TRINBUPD_GATE (sig I_ad_inE e) 1_ad _out_en_ (sig L_ad_outO p)) /\
(PSM_GATE fsm_rst fsm _mrgt fsm_sack (sig I_cgnt_E e) (sig I_crqt_O p)
(sig I_hold_R e) lock_outQ (sig P_fsm statesS =)
(sig P_fsm_rstsS s) (sig P_fsm _mrqtS s) (sig P_fsm_sacksS s)
(sig P_fsm_cgnt_8 s) (sig P_fsm crqt_sS s) (sig P_fem_hold_sS )
(sig P_fsm_lock_S s) fsm_astate fsm_dstate (sig I_hlda O p))”
Vi

let PBlock_BXP = save_thm
{‘PBlock_EXP’,
{BETA_RULE
(REWRITB_RULE [EXPAND LET_RULER Data_Latches_GATE;Req _Inputs_GATEB;
Ctr_Logic_GATRB; Scat_Logic_GATE;Lock_Inputs_GATE; FSM_GATE;
NOT_GATE; NAND2_GATE; NAND3_GATR; TRIBUF_GATE;
TRIBUPn_GATE; TRINBUFn_GATE;DRLatB_GATE;DSELatB_GATE;
DSRELatB_GATE; MERGE2n_GATE;ASel;BSel;GND;sig])
(SPEC_ALL PBlock_GATE)))
Yis

close_theory();:

g L T T
File: pclock_def .ml
Author: (c) D.A. Pura 1982
Date: 18 February 1992

This file contains the ml source for the clock-level specification of the PIU
P-Port, an ASIC developed by the Embedded Processing Laboratory, Boeing High
Technology Center. The bulk of this code was translated from an M-language
simulation program using a tramnslator written by P.J. Windley at the
University of Idaho.

set_search path (search_path() @ [’'/home/elvisé/dfura/ftep/piu/hol/l1lib/’;
' /home /elvisé/dfura/ftep/piu/hol/ppozrt/’;
‘/home/elvisé6/dfura/hol/Library/tools/’;
‘/home /elvisé/dfura/hol/ml/
1)1
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system ‘rm pclock_def.th’;;
new_theory ‘pclock_def’;;
loadf ‘aux_defs’;;

map new_parent [‘array_def’; ‘wordn _def’; ‘busn_def’];;
map load parent [‘piuaux_def’;‘paux_def’'];;

new_type_abbrev (‘timeC’,”:num”);;

let PC_NSFP = new_definition
(‘PC_NSP’,
¥} (s :pc_state) (e :pc_env) .
PC_NSF s & =
let new_P_fsm_state =
({P_fsm rstS s) => PA |
(P_fsm_stateS s = PH) => ((P_fsm hold S s) => PA | PH) |
(P_fsm_stateS s = PA) =>
(((P_fsm _mrqgts s) \/
((~P_fsm_crqt_S s) /\ ~P_fsm cgnt_§ s)) => PD |
({(~P_fsm_hold_8S s) /\ P_fsm_lock 8 s) => PH | PA)) |
((P_fsm _sackS8 s /\ P_fsm _hold 8 s) => PA |
(P_fsm_sackS s /\ (~P_fsm hold_S s) /\ ~P_fsm_lock_S s) => PA |
(P_fsm_sackS s /\ (~P_fsm_hold 8 s) /\ P_fsm lock_S s) => PH | PD))
io
let new_P_addr = ((~P_rqgts s)
=> (SUBARRAY (ASel(L_ad_inE e)) (25,0))
| P_addrs s) in
let new P_destl = ((~P_rqgtSs s)
=> (BLEMENT (ASel(L_ad_inE e)) (31))
| P_destlsS s) in
let new P_be_ = ((~P_rqtS s) => ASel(L_bs_E @) | P_be_S s) in
let new_P_wr = ({(~P_rqt8 s) => ASel(L_wrE e) | P_wrs s) in
let new_P size =
({P_loads s) => (SUBARRAY (BSel(L_ad_inE e)) (1,0)) |
({(P_downS s) => (DECN 1 (P_sixzeS s)) | P_sizeS s)) in
let p_ale = (~-BSel(L_ads_E e) /\ BSel(L_den_ E e)) in
let p_sack =
((P_sizeS ®» = {(P_downS s) => (WORDN 1 1) | (WORDN 1 0})) /\
~BSel(I_srdy_E e) /\
(new_P_£fsm_state = PD)}) in
let new_P_rqt =
((p_ale \/ BSel(RstE e) \/ p_sack)
=> ({(p_ale /\ ~(BSel(RstE e) \/ p_sack)) => T |
(~p_ale /\ (BSel(RstE e) \/ p_sack)) => F |
(~p_ale /\ ~(BSel(RstE e) \/ p_sack)) => F | ARB)
| (P_rqgtS s)) in
let new_P_load = (-new_P_rqt) in
let new_P_down = (~BSel(I_srdy E e) /\ (new_P_fsm state = PD}) in
let new_P_male_ =
((new_P_fasm_state = FA)
=> ~(~new_P_destl /\
(~( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3})) /\
(new_P_fesm_state = PA) /\
new_P_rqt)
| P_male_8 s) in
let new_P_rale_ =
((new_P_fasm_state = PA)
=> ~{-new_P_destl /\
( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3)} /\
(new_P_fsm_state = PA) /\
new_P_rqt)
| P_rale_8 s) in
let new_P_lock_ =
({(BSel(RstE e)) \/ (new_P_fam state = PD)})}
=> (BSel(Rst® e)) => T | BSel(L_lock_E e)
| P_lock_S s) in
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let new_P_lock_inh_ =
(((BSel(RstE e)) \/ ~new_P_male_ \/ ~new_P_rale_)

=> (BSel(RstE e)) => T | BSel(L_lock_E e)
| P_lock_inh S s) in

let new_P_fsm rst = BSel(RstE e) in

let new_P_fsm _mrqt = (~new_P_destl /\ new_P_rqt) imn

let new_P_fsm_sack = p_sack in

let new_P_fsm_cgnt_ BSel(I_cgnt_E e) in

let new_P_fem crqt_ (~(new_P_destl /\ new_P_xqt)) in

let new_P_fsm_hold_ BSel(I_hold_E e) in

let new_P_fsm_lock_ new_P_lock_ in

(PCState new_P_addr new_P_destl new_P_be_ new_P_wr new_P_£fsm_state
new_P_fsm_rst new_P_fsm_mrgqt new P_£fsm_sack new_P_fsm_cgnt_
new_P_fsm _crqt_ new_P_fsm_hold_ new_P_fsm_lock_ new_P_rgt new_P_size
new_P_load new_P_down new_P_lock_ new_P_lock_inh new_P_male_
new_P_rale_)"

Vi

let PC_NSP_EXP = save_thm
(“PC_NSF_RXP"’,
(EXPAND_LET_RULE (REWRITE_RULE [ASel;BSel] PC_NSF))
Yii

let PC_OF = new_definition
(‘PC_OFP’,
“1 (s :pc_state) (e :pc_env) .
PC_OF 8 @ =
let new_P_fam_state =
((P_fsm_rstS s) => PA |
(P_fsm_stateS s = PH) => ((P_fem_hold S s) => PA | PH) |
(P_fsm_stateS s = PA) =>
(((P_fsm_mrqts s) \/
((~P_fem_crqt_sS s) /\ ~P_fsm_cgnt_S s)) => PD |
(((~P_fem_bhold 8 s) /\ P_fsm_lock_S s) => PH | PA)) |
((P_fsm_sackS s /\ P_fsm_hold S s) => PA |
(P_fsm_sackS s /\ (~P_fem_hold 8 s) /\ ~P_fsm_lock S s) => PA |
(P_fsm_sackS s /\ (~P_fsm hold S s) /\ P_fsm_lock_ S s) => PH | PD))
in
let new_P_addr = ((~P_xqts8 s)
=> (SUBARRAY (ASel(L_ad_inE e)) (25,0))
| P_addrs s) in
let new_P_destl = ((~P_rqtS s)
=> (ELEMENT (ASel(L_ad_inE e)) (31))
| P_dest18 8) in
let new_P_be_ = ((~P_rqtS s) => ASel(L_be E e) | P_ be_S s) in
let new_P_wr = ((~P_rqtS s) => ASel(L_wrE e) | P_wrS s) in
let new_P_size =
((P_loadS s) => (SUBARRAY (BSel(L_ad_inRE e)) (1,0)) |
((P_downS s) => (DECN 1 (P_sizeS s)) | P_sizes s)) in
let p_ale = (~BSel(L_ads_E e) /\ BSel(L_den_E e)) in
let p_sack =
((P_sizeS s = ((P_downS s) => (WORDN 1 1) | (WORDN 1 0))) /\
~BSel(I_srdy E e) /\
(new_P_fsm_state = PD)) in
let new_P_rqt =
((p_ales \/ BSel(RstE @) \/ p_sack)
=> ((p_ale /\ ~(BSel(RstR e) \/ p_sack)} => T |
(~p_ale /\ (BSel(RstE e) \/ p_sack)) => P |
(~p_ale /\ ~(BSel(RstR @) \/ p_sack)) => F | ARB)
| (Pp_rqts s)) in
let new_P_load = (~new_P_rqt) in
let new P _down = (~BSel(I_srdy E e) /\ (new_P_fsm_state = PD)) in
let new_P_male_ =
((new_P_fsm state = PA)
=> ~(~new_P_destl /\
(~( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3))) /\
(new_P_fsm_state = PA) /\
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new_P_rqt)
| P_male_S s) in
let new_P_rale_ =
((new_P_£fsm_state = PA)
=> ~(~new_P_destl /\
( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3)) /N
(new_P_fsm_state = PA) /\
new_P_rqt)
| P_rale_S8 ») in
let new_P_lock_ =
(((PSel(RstR e)) \/ (new_P_fsm_state = PD)) h
=> (BSel(RstE e)) => T | BSel(L_lock_E e)
] P_lock_8S s) in
let new_P_lock_inh_ =
(((BSel(RstE e)) \/ ~new_P_male_ \/ ~new_P_rale_)
=> (BSel(RstE e)) => T | BSel(L_lock_E e)
| P_lock_inh_S s) in
let new_P_fsm rst = BSel(RstE e) in
let new_P_fsm mrgt = (~new_P_destl /\ new_P_rqt) in
let new_P_fsm_sack = p_sack in
let new_P_fsm_cgnt_ = BSel(I_cgnt_E e) in
let new_P_fsm crqgt_ = {(~(new_P_destl /\ new_P_rqt)) in
let new_P_fsm _hold_ = BSel{(I_hold E e) in
let new_P_fsm_lock_ = new_P_lock_ in

let lad_en_ =
((new_P_fam_state = PA) \/
(new_P_fsm_state = PH) \/
((new_P_fsm_state = PD) /\ mew_P_wr)) in
let L_ad_out =
({((~lad_en_) => BUSN (ASel(I_ad_inE e)) | Offn),
((~lad_en_) => BUSN (BSel(I_ad_inE e)) | Offn)) in
let L_ready_ = ((-(~ASel(I_srdy E e) /\ (new_P_fsm state = PD))},
(~(~BSel(I_sxrdy E e) /\ (new_P_fsm state = PD)))) in
let od0 = ARBN in

let odl = (MALTER od0 (31,28) new_P be_) in

let od2 = (ALTER odl (27) new_P_wr) in

let od3 = (ALTER od2 (36) F) in

let odd = (MALTER od3 (25,34) (SUBARRAY new_P_addr (1,0))) in
let od5 = (MALTER odd (23,0) (SUBARRAY new_P_addr (25,2))) in

let I_ad_out =
(((new_P_wr /\ (new_P_fsm_state = PD)) => BUSN (ASel(L_ad_inE e)) |
(new_P_fem_state = PA) => BUSN od5 | Offnmn),
((new_P_wr /\ (new_P_fsm_state = PD)) => BUSN (ASel(L_ad inE e)) |
(new_P_fsm_state = PA) => BUSN od5 | 0ffn)) in
let I_be_ =
(((~(new_P_fsm _state = PH))
=> BUSN ((new_P_fsm_state = PA) => new_P_be_ | ASel(L_be_E )}
| ottm),
((~(new_P_£fsm_state = PH))
«> BUSN ((pew_P_fsm state = PA) => new_P_be_ | ASel(L_be_ E o))
| offm)) in
let rale_cutA_ = (~(~new_P_destl /\
( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3)) /\
(new_P_fsm_state = PA) /\
(P_xrqt8 8))) in
let rale_ocutB_ = (~{~new_P_destl /\
( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3)) /\
(new_P_£fsm_state = PA) /\
new_P_rqgt)) in
let I_rale_ = ({(~{(new_P_fsm_state = PH)) => WIRE rale ocutA_ | 2},
((~(new_P_fsm state = PH)} => WIRE rale outB_ | 2)) in
let male_outA_ = (~(~new_P_destl /\
(~( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3))) /\
(new_P_£sm_state = PA) /\
(P_rqts s))) in
let male_ocutB_ = (~(~new_P_destl /\
(~( (SUBARRAY new_P_addr (25,24)) = (WORDN 1 3))) /\
(new_P_£fsm_state = PA) /\
new_P_rqt)) in
let I_male_ = (((~(new_P_fsm state = PH)) => WIRE male_outA_ | 2},
({~(new_P_fsm_state = PH)) => WIRE male_outB_ | 2)) in
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let I_cxqt_ ((~({new_P_destl /\ (P_rqts s)}),

(~(new_P_destl /\ new_P_rqt))) in

let I_cale_

let I_mrdy

let last_out_
(~(P_sizes
let I_last_ =

let I_hlda_ =
let I_lock_ =

((~(~ASel(I_cgnt_E @) /\
(new_P_£sm_state = PA) /\
ASel(I_hold E e))),

(~{~BSel(I_cgnt_E e} /\
(new_P_fsm_state = PA) /\
BSel(I_hold_E e)}))) in

(({(~(new_P_fsm_state PH) )

({(~(new_P_£fsm state = PH))

8 = ((P_downS s) => (WORDN 1
({{(~-(new_P_£fsm_state = PH))
({((~(new_P_fsm_state = PH))
((~(new_P_£fsm_state = PH)) ,
((~(~(P_lock_8 8) /\ (P_lock_

=> LO ' z))l
=> LO | Z})) in
1) | (WORDN 1 0)))) im

=> WIRE last_out_ | 2)),

=> WIRE last_out_ | Z))}) in
(~(new_P_fasm_state = PH))) in
inh 8 8))),

(~(~new_P_lock_ /\ new_P_lock_inh_))) in

(PCOut L_ad_out L_ready_ I_ad_cut I_be_ I_rale_ I _male_ I_crqt_ I_cale_
I_mrdy_ I_last_ I_hlda_ I_lock_)”
Yii

let PC_OF_EXP = save_thm
('PC_OF_EXP',
(EXPAND_LET_RULE (REWRITE_RULE [ASel;BSel] PC_OF))
Vi

let PC_Exec = new_definition
(’PC_Rxec’,
“1 (pel 1PCI) (s :timeC->pc_state)
(t :timeC) .
PC_Exec pci s e D € = T#
)i

(e :timeC->pc_env) (p :timeC->pc_out)

let PC_PreC = new_definition
(/PC_PrecC’,

“) (pei :PCI) (s :timeC->pc_state) (e :timeC->pc_env) (p :timeC->pc_out)
(t :timeC)
PC_PreC pci s ep t = T~
Yii
lat PC_PostC = new_definition
('PC_PostC’,
“y (pel :PCI) (s :timeC->pc_state) (e :timeC->pc_env) (p :timeC->pc_out)
(t :timecC) .

PC_PostC pcl s ep t =
(s (t+1l) = PC_NSP (s t) (e t))
(p t = PC_OP (s t) (@ t))"

N\
Yi:

let PC_Correct = new_definition
{'PC_Correct’,
#1 (pcl :PCI)
(t :timeC)
PC_Correct pci s
PC_Exec pci s
PC_PreC pci »

==>

PC_PostC pcli s e p t~

(s :timeC->pc_state) :timeC->pc_env) (p :timeC->pc_out)

ept =
ep t /\
e D¢t

Y12

let PCSet_Correct = new_definition
(‘PCSet_Correct’,
#1 (s i1timeC->pc_state) (e :timeC->pc_env)
PCSet_Correct s @ p = ! (pci:PCI)(t:timeC).
Yiz

(p :timeC->pc_out)
PC_Correct pci s e p t~

let Next_sState_THM = TAC_PROOF
((f], “PCSet_Correct s e p ==> (s (t+l) = PC_NSP (s t) (e t))”),
REWRITE_TAC (PCSet_Correct;PC_Correct;PC_Exec;PC_PreC;PC_Post(C]
THEN REWRITE_TAC
[LEPT_IMP_FORALL_CONV
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“(lt.
(s(t + 1) = PC_NSF(s t) (e t)) /\
(pt =PC_OF(s t)(e t))) ==>
(s (t+1) = PC_NSF(s t)(e t})~]
THEN EXISTS_TAC “t:time”
THEN REWRITE_TAC [ADD_CLAUSES]
THEN STRIP_TAC
Y11

let P_addr_ISO = save_thm
(‘P_addr_ISO0’,
{DISCH_ALL
{REWRITR_RULE
[PC_NSF_BXP; P_addrs]
(suBs_occs [([2]),UNDISCH {Next_State_THNM) )}
(REPL ~“P_addrs (s ((titimeC) + 1})*))))
Yii

let P_destl_ISO = save_thm
(*P_destl_ISO’,
(DISCH_ALL
{REWRITE_RULE
[{PC_NSF_EXP;P_destl18]
(suBs_occs [([2),UNDISCH (Next_State_THM) )]
{REFL “P_destls (s ((t:timeC) + 1))”))})
Yii

let P_be_ISO = save_thm
(‘P_be_I80’,
(DISCH_ALL
{REWRITE_RULE
[PC_NSF_EXP;P_be_8]
(SuBS_occS [([2],UNDISCH (Next_State_THM))]
(REFL “P_be_8 (s ({(t:timeC) + 1))"}))))

Y1

let P_wr_ISO = save_thm
('P_wxr_1ISO’,
{DISCH_ALL
(REWRITE_RULE
[PC_NSF_EXP;P_wrS]
(suBs_occs [([2],UNDISCH (Next_State_THNM))]
(REPL “P_wrS (s ((t:timeC) + 1))*))))
Yii

let P_fsm_state_ISO = save_thm
(‘P_fsm_state_ISO’,
{DISCH_ALL
(REWRITE_RULE
[PC_NSF_EXP;P_fam_states]
(suBs_occs {([2],UNDISCHE (Next_State_THM))]
(REFL “P_fam_states (s ((t:timeC) + 1))}”7))})
Vi

let P_fsm _rst_ISO0 = save_thm
(‘P_fsm_rst_ISO’,
(DISCH_ALL
(REWRITE_RULE
[PC_NSF_EXP;P_fsm_rstS]
(sups_occs [([2},UNDISCH (Next_State_THM) )]
(REFL “P_fsm_rstS (s ((titimeC) + 1})7})))

Yii

let P_fsm mrgt_ISO = save_thm
(‘P_fem_mrgt_I80’,
(DISCH_ALL
{REWRITE_RULB
[PC_NSF_EXP; P_fsm_mrqts])
(suBs_occs {([2],UNDISCH (Next_State_THM) )]
(REPL ~P_fsm mrqtsS (s ((t:timeC) + 1})%))))

)i
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let P_fsm_sack_ISO = save_thm
(‘P_fsm_sack_ISO’,
(DISCH_ALL
(REWRITE_RULE
[PC_NSY_EXP;P_fsm sackS]
(SUBS_oCCS [([2],UNDISCR (Next_State_THM))]

(REFL “P_fsm_sacksS (s ((t:timeC) + 1))7))))

Vi

let P_fsm_cgnt_ISO = save_thm
(‘P_£fsm_cgnt_IS0’,
{DISCH_ALL
(REWRITE_RULE
[PC_NSP_EXP;P_fsm_cgnt_S]
(8uBs_occs [([2),UNDISCH (Next_State_THM))]
(RBFL “P_fsm cgnt_S (s ((t:timeC)
Yis

let P_fasm_crgt_ISO = save_thm
('P_fsm_crqt_ISO’,
(DISCH_ALL
(REWRITE_RULE
[PC_NSP_EXP;P_fsm_crqt_S]
(SUBS_ocCS8 [{[2),UNDISCH (Next_State_THM))]
(REFL “P_fem_crqgt_S (s ((t:timeC)
Vi

let P_f£fsm_hold ISO = save_thm
('P_fsm_hold_IS0O’,
{DISCH_ALL
(REWRITE_RULE
[PC_NSF_RXP;P_fsm_hold_8]
(SUBS_OCCS [([2],UNDISCH (Next_State_THM))]
(REFL “P_fsm hold_S (s ((t:timeC)
)i

let P_fsm_lock_ISO = save_thm
{(’P_£fsm_lock_ISO’,
(DISCH_ALL
(REWRITE_RULE
[PC_NSP_RXP;P_fsm_lock_S]
(SUBS_OCCS ([([2),UNDISCH (Next_State_THM)))])
(RERFL “P_fsm_lock S (s ((t:timeC)
Vi

let P_rqgt_ISO = save_thm
(‘P_rgt_Iso’,
{DISCH_ALL
(REWRITE_RULE
[PC_NSF_EXP; P_xrqtS]
(SUBS_OCCS [([2),UNDISCH (Next_State_THM))]}

+ 1070

+ 117

+ 1})7))))

+ 1))7}1)))

(RBPL “P_rgtS (s ((t:timeC) + 1))7))})

)i

let P_size_ISO = save_thm
(‘P_size_IS0’,
(DISCH_ALL
(REWRITE_RULE
[PC_NSP_BEXP;P_sizeS]
(SUBS_OCCS [([2],UNDISCH (Next_State_THM))]

(RERFL “P_sizeS (s ((t:timeC) + 1))7))))

Vi

let P_load_ISO = save_thm
(’P_load_1I80°‘,
(DISCH_ALL
(REWRITE_RULE
[PC_NSF_RXP; P_loads]
(8UBS_OCCS [([2),UNDISCH (Next_State_THM))]

(REBFL “P_loads (s ((t:timeC) + 1))7))))
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let P_down_ISO = save_thm
(‘P_down_IS0O’,
(DISCH_ALL
(REWRITE_RULR
[PC_NSF_EXP;P_downS)
(suBS_occs [([2),UNDISCH (Next_State_THM))]
(REFL “P_downs (s ((t:timec) + 1})7))))

Yii

let P_lock_ IS0 = save_thm
('P_lock_ISO’,
(DISCH_ALL
(REWRITE_RULE
{PC_NSF_EXP;P_lock_8S]
(suBs_occs ((([2],UNDISCH (Next_State_THM) )]
(REFL “P_lock_8 (s ((t:timecC} + 1))7"))})
Vi

let P_lock_inh_ISO = save_thm
(*P_lock_inh_IS0O’,
(DISCH_ALL
(REWRITE_RULR
[PC_NSF_EXP;P_lock_inh_ 8]
(suBs_occs [([2],UNDISCH (Next_State_THM) )]
(REBFL ~“P_lock_inh S (s ((t:timeC) + 1)}”7)))}

Vil

let P_male_ISO = save_thm
(‘P_male_IBO’,
(DISCE_ALL
{REWRITE_RULR
{PC_NSF_EXP;P_male_8)
(suBs_occs [([2],0NDISCH {Next_State_THM))]
(REPL “P_male_8 (s ((t:timeC) + 1))7})))

Vi

let P_rale_ISO = save_thm
(‘P_rale_ISO',
(DISCH_ALL
{REWRITE_RULE
[PC_NSF_EXP;P_rale_8]
(suBs_occs ([([2],UNDISCH (Next_State_THM) )]
(REFL ~“P_rale_S (s ((t:timeC) + 1))7))))
Vi1

let Out_THM = TAC_PROOF
(({], “PCSet_Correct s e p ==> (pt = PC_OF (s t) (e t))"),
REWRITE_TAC [PCS.t_corroct;PC_Corroct;PC_!:QC)PC_ProC;PC_PoltC]
THEN REWRITE_TAC
[LEFT_IMP_FORALL CONV

LA R N
(s (t + 1) = PC_NSF(s t)(e t)) /\
(p t = PC_OF(s t)(e t))) ==>

(Dt = PC_OF(s t) (e t))”~]
THEN EXISTS_TAC “t:time”
THEN REWRITE_TAC (ADD_CLAUSES]
THEN STRIP_TAC
Yis

let L_ad_out_ISO = save_thm
(‘L_ad_out_180’,
(DISCH_ALL
(REWRITE_RULE
[PC_OP_EXP;L_ad_out0]
(suBs_occs [([2),UNDISCH (Out_THM))] (REPL #1, ad_outo (p (t:timeC))”)}))
Yis

let L_ready_ISO = save_thm
(‘L_ready_ISO’,
(DISCH_ALL
({REWRITE_RULB
[PC_OF_EXP;L_ready_O]
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(suBs_occs [(([2],UNDISCH
Vi

let I_ad_out_ISO = save_thm
(‘I_ad_out_IS0O’,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_ad_outO]
(suBs_occs ([ ([2],UNDISCH
Vi

let I_be_ISO = save_thm
(‘I_be_1IS0’,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_be_0]
(SsuBS_ocCs [([2],UNDISCH
Yii

let I_rale_ISO = save_thm
(‘XI_rale_ISO’,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_rale_0]
(8UB8_oCCS [([2],UNDISCH
Vi

let I_male_ISO = save_thm
(‘I_male_ISO’,
{DISCH_ALL
(REWRITE_RULE
{PC_OP_EXP;I_male_0O]
(suBs_occs {([2],UNDISCE
Yii

let I_crqt_ISO = save_thm
(‘I_crqt_ISo’,
(DISCH_ALL
(REWRITB_RULB
[PC_OP_BXP;I_crgt_O]
(suBS_occs (([2},UNDISCE
)is

let I_cale_ISO = save_thm
(‘I_cale_ISO’,
(DISCH_ALL
(REWRITE_RULE
{PC_OF_BXP;I_cale_0O])
(SUBS_0cC8 [([2],UNDISCH
Yiz

let I_mrdy ISO = save_thm
('I_mrdy_ I80’,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_mrdy 0]
(suBs_occs [([2],UNDISCH
Yis

let I_last_ISO = save_thm
(‘I_last_I80‘,
(DISCH_ALL
{(REWRITE_RULE
[PC_OF_EXP;I_last_O]
(SUBS_OCCS ({((2),UNDISCH
Yis

let I_hlda_ISO = save_thm
{'I_hlda_I80‘,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_hlda_0]

(OCut_THM) )]

(Out_THM) ) ]

(Out_THM) )]

(Cut_THM) )]

(Cut_THM)))

(Cut_TBM) )]

(Out_THNM)))

(Out_THM))]

(Out_THM) )]

(RBFL

(REFL

(REFL

(RBFL

(RBFL

(RBFL

(REFL

(RBFL

(RBFL
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“L_ready_ O (p (t:timeC)}”)}))

“I_ad_outO (p (t:timeC))”))))

“I_be_O (p (t:timeC))”)})))

“I rale O (p (t:timeC)}”)))}

“I_male O (p (t:timeC))”))))

“T crqgt_O (p (t:timeC))”})))

~I_cale_O (p (t:timeC))”*))))

“I mrdy O (p (t:timeC))*})))

“I_last_O (p (t:timeC))”)))})



(suBs_ocCs8 [(({2),UNDISCH (Cut_THM))] (REFL ~“I_hlda O (p (titimeC))™))))
Y1

let I_lock_ISO = save_thm
(‘I_lock_1IS0’,
(DISCH_ALL
(REWRITE_RULE
[PC_OF_EXP;I_lock_O]
(suBs_occs [([2],UNDISCH (Out_THM))] (REPFL “I_lock_O (p (t:timeC))*))))
Yi:

close_theory():

3.3 M-Port Definitions

This section contains the theories maux_def, mblock_def, and mclock_def, defining the M-Port design.

o m e e~ e cmeemmmmmemmmmmmeemmm—emem—memmemem— e eeemeemo—eme——oscsss-sssses—-o

File: maux_def.ml

Author: (¢) D.A. Fura 1992-93

Date: 15 January 1993
________________________________________________________________________________ %
set_flag (‘timing’, true);;
set_search_path (search _path() @ [’ /home/elvisé/dfura/ftep/piu/hol/1lib/’;

s /home /elvis6/dfura/bol/Library/tools/’
1)

system ‘rm maux _def.th’;;
new_theory ‘maux_def’;;
map new_parent [‘busn_def’;‘less_eq’l;;
new_type_abbrev (’‘time’, “:num”);;
new_type_abbrev (’wordn’, “:(num->bool)”);r;
new_type_abbrev {‘busn’, “:(num->wire)”);;
Gm m— e e e e mmmmmmmm—mmm e ——— e e e e et eme——me———eaeso——-—-oo

Abstract data type for the M-Port FSM states.
................................................................................ %
let mfsm_ty_Axiom =

define_type ‘mfsm ty Axiom’

‘mfsm ty = MI | MA | MW | MRR | MR | MBW';;

Rm m e e e m e e e — e ——————————m e mm s e = e e ——meme oo —e-co———

Abstract data type for the M-Port instruction.
................................................................................ %
let MCI =

define_type ’‘MCI’

'BMCTI = MC_X';;

Hm = e m e e em e mmmmmmmm e oS a e e —— e e e - e - —o—-oo——-o-o

Abstract data type for the state.
................................................................................ %,

let mc_state =
define_type ’'mc_state’
‘mc_state = MCState mfsm ty bool bool bool bool bool bool bool bool
bool bool wordn wordn wordm bool bool bool
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let

let

let

let

let

let

let

let

wordn wordn’;;

M_fsm_stateS = new_recursive_definition
false
mc_state
‘M_£fsm stateS’
“M_fsm_stateS (MCState M_fsm_state M_fsm male_ M fsm rd M_fsm bw M_fsm_ww
M_£fsm_last_M_fsm_mrdy M fsm zero_cnt M_fsm_rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd_data M_detect)
= M_fsm_state”;;
M_fsm male_S = new_recursive_definition
false
mc_state
‘M_fsm_male_S’
“M_fsm_male_S (MCState M_fasm_state M_fsm _male_ M_fsm rd M_fam bw M_fsm ww
M_fsm_last_ M_fsm mrdy M_fsm_zero_cnt M_fsm rst M _se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd data M _detect)
= M_fsm_male_";;

M_fsm_rdS = new_recursive_definition

false

mc_state

‘M_fem_rds’

“M_fsm_rdsS (MCState M_fsm_state M_fsm male_ M _fsm rd M_fsm_bw M_fsm ww
M_fem_last_ M_fam_mrdy M_fsm_zero_cnt M_fsm_rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd_data M_detect)

= M_fem_rd”;;

M_fsm bwS = new_recursive_definition

false

mc_state

‘M_fsm_bwS’

“M_fsm_bwS (MCState M_fsm state M_fem male_ M fsm_rd M_fsm bw M_fsm_ww
M_fsm_last_ M_fsm mrdy M_fsm_zero_cnt M_fsm rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd_data M_detect)

= M_fsm_bw”;;

M_fsm_wwS = new_recursive_definition

false

mc_state

‘M_fsm_wwS

“M_fsm ww3 (MCState M_fsm state M_fsm male_ M_fsm _rd M_fsm_bw M_fsm_ww
M_fsm_last_ M_fsm_mrdy M_fsm_zero_cnt M_fsm rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd_data M_detect)

= M_fsm_ww”;;

M_fsm_last_S = new_recursive_definition

false

mc_state

‘M_fam_last_S*’

~“M_fem_last_S (MCState M_fsm_state M_fsm male_ M_fsm _rd M_fsm_bw M_fsm_ ww
M_fsm_last_ M_fsm_mrdy_M_fsm_zerc_cnt M_fasm_rst M_se M_wr
M_addr M_be M_count M_rdy M _wwdel M_parity M_rd_data M_detect)

= M_fsm_last_";;

M_fsm_mrdy_ S = new_recursive_definition

false

mc_state

‘M_fsm_mrdy_ 8’

~“M_fsm _mrdy_ S (MCState M_fsm state M_fsm male M _fem rd M_fsm bw M_fsm_ ww
NM_fsm_last_ M_fsm _mrdy M_fsm_zero_cnt M_fsm rst M_se M wr
M_addr M_be M _count M_rdy M_wwdel M parity M_rd_data M_detect)

= M_fsm_mrdy_ ”;;

M_fsm_zerc_cntS = nevw_recursive_definition

false

mc_state

‘M_fsm_zero_cnt8’

“M_fsm_zero_cntS (MCState M_fsm_state M_fsm male_ M_fsm rd M_fsm bw M_fsm_ww
M_fsm_last_ M_fsm_mrdy M_fem_zero_cnt M_fsm _rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M parity M_rd_data M_detect)
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let

let

let

let

let

let

let

let

= M_fsm _zero_cnt”;;

M_fsm_xrstS = new_recursive_definition
false
mc_state
‘M_fasm_rstS’
»M_fsm_rstS (MCState M _fsm state M _fsm _male_ M_fsm rd M_fsm bw M_fsm_ww
M_fsm_last_ M_fsm _mrdy M_fsm zero _cnt M _ fsm_rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd_data M_detect)
= M_fsm _rat”;;
M_seS = new_recursive_definition
false
mc_state
‘M_seS’
~M_seS (MCState M_fsm_state M _fsm_male_ M_fsm rd M_fsm bw M_fasm ww
M_fsm_last_ M_fsm_mrdy_ M_fsm zero_cnt M_ fsm_rst M_se M_wr
M_addr ¥ _be M_count M_rdy M_wwdel M_parity M_rd data M _detect)
= M_se”;;

M_wrS = new_recursive_definition

false

mc_state

‘M_wrS'’

“M_wrS (MCState M_fsm_state M _fom male_ M_fsm _rd M_fsm bw M_fsm ww
M_fsm_last_ M_fsm_mrdy M _fsm _zero_cat M_fsm_rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M _parity M_rd data M_detect)

= M_wr”;;

M_addrS = new_recursive_definition

false

mc_state

‘M_addrs‘

“M_addrs (MCState M_fsm _state M _fem_male_ M_fsm_rd M_fsm bw M_fsm_ww
M_fsm_last_ M_fsm_mrdy M_fsm_zero_cnt M_fsm _rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_ rd_data M_detect)

= M_addr”;;

M_beS = pew_recursive_definition

false

mc_statse

'‘M_beS’

“M_beS (MCState M_fsm_state M _fem _male_ M_fsm rd M_fsm bw M _fsm ww
M_fem_last_ M_fsm_mrdy M_fem_zerc_cnt M_fem ret M_se M _wr
M_addr M_be M_ccunt M_rdy M_wwdel M_parity M_rd data M _detect)

= M_be";;

M_countS = new_recursive_definition

false

mc_state

‘M_count8’

“M_count8 (MCState M_fsm_state M_ fam_male_ M _fsm_rd M_fsm bw M_fsm_ww
M_fsm_last_ M_fsm_mrdy M _fsm _zero_cnt M | fam_ret M_se M _wr
M_addr M_be M_count M rdy M _wwdel M_parity M_rd_data M_detect)

= M_count”;;

M_rdyS = new_recursive_definition

false

mce_state

. H_rdys 1

“M rdyS (MCState M_fem_ state M _fsm_male_ M_fsm rd M_fsm bw M_fsm_ww
M_fem_last_ M_fesm _mrdy M _fsm_zero_cnt M | fsm_rst M_se M wr
M_addr M_be M_count M_rdy M wwdel M_parity M_rd_data M_detect)

= M_rdy”;;

M_wwdelS = new_recursive_definition

false

mc_state

‘M_wwdelS’

“}_wwdelS (MCState M_fsm_state M_fsm _male_ N_fem_rd M_fem bw M_fsm ww
M_fsm_last_ M_fsm _mrdy M_fsm_zero_cat M_fsm_rst M_se M _wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd data M_detect)
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= M_wwdel”;;

let M_parityS = new_recursive_definition
false
mc_state
‘M_paritys’
“M_paritys (MCState M_fsm_state M_fsm male_ M_fsm_rd M_fsm _bw M_fsm ww
M_fsm last_ M_fsm_mrdy M fsm zero_cnt M_fsm rst M_se M_wr
M_addr M be M _count M rdy M wwdel M_parity M_rd_data M_detect)
= M_parity”;;
let M_rd_dataS = new_recursive_definition
false
mc_state
‘M_rd_datas’
*M_rd_datas (MCState M_fsm_state M_fsm male_ M_fsm_rd M_fsm bw M _fsm ww
M_fsm_last_ M fsm_mrdy M _fsm_zero_cnt M_fsm_rst M_se M_wr
M_addr M_be M_count M_rdy M_wwdel M_parity M_rd _data M_detect)
= M_rd_data”;;

let M_detectS = new_recursive_definition

false

mc_state

'M_detectsS’

“M_detectS (MCState M_fsm_state M_fsm_male_ M_fsm rd M_fsm bw M_fsm _ww
M_fsm_last_ M _fsm mrdy M_fsm_zero_cnt M_fem_rst M_se M_wr
M_addr M_be M_count M_rdy M _wwdel M_parity M_rd data M_detect)

= M_detect”;;

let State_CASES =
prove_cases_thm (prove_induction_thm mc_state);;

let State_Selectors_Work = prove_thm
(‘State_Sslectors_Work’,
“) s:mc_state
s = (MCState (M_fsm_stateS s) (M_fsm male_S s) (M_fam_rds s) (M_fsm bwS s)
(M_fasm _wwS s8) (M_fsm_last_S s) (M_fsm mrdy S s)
(M_£sm_zero_cntS s) (M_fsm rstS s) (M_seS 8) (M_wrS s)
(M_addrS s) (M_beS s) (M_count8 s) (M_rdys s) (M_wwdels s)
(M_paritys s) (M_rd _datas s) (M_detects s))~",
GEN_TAC
THEN STRUCT_CASES_TAC (SPEC “s:mc_state” State_CASES)
THEN REWRITE_TAC [M_fsm_statesS; M_fsm male S; M fsm_rds; M_fsm_bws;
M_fsm_wwS; M_fsm_last_S; M_fsm _mrdy_sS; M_fsm zero_cntS;
M_fsm_rstS; M _seS; M_wrS; M_addrS; M_beS; M_countS;
M_rdyS; M_wwdelS; M_paritysS; M_rd_datas; M_detectS)

let mc_env =
define_type ‘mc_env’
‘mc_env = MCEnv bool#bool boolfibool boocl#bool wordn#wordn
bool#bcocol bool#bool bool#bool bool#bool
bool#bool wordn#wordn bool#bool wordn¥wordn bool#bool
bool#bool’;;

let RstE = new_recursive_definition

false

mc_env

‘RetR’

“RetE (MCEnv Rst Disable_eeprom Disable_writes I_ad_in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I_mrdy_ MB_data_in
Bdac_en_ Reset_parity)

= Rat”;;

let Disable_eepromE = new_recursive_definition
false
mc_env
‘Disable_eepromk’
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“pisable_sepromB (MCEnv Rst Disable_seprom Disable_writes I_ad_in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I be_ I _mrdy MB_data_in
Edac_en_ Reset_parity)

= Disable_eeprom”;;

let Disable_writesE = new_recursive_definition

false

mc_env

‘Disable_writesE’

“Disable_writesE (MCEnv Rst Disable_eeprom Disable_writes I_ad_in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I mrdy MB data_in
Edac_en_ Reset_parity)

= Disable_writes”;;

let I_ad_inB = new_recursive_definition

false

mc_env

‘I _ad_inR’

#I_ad_inBE (MCEnv Rst Disable_seprom Disable_writes I_ad_in I male_
I_rale_ I_cale_ I_hlda_ I_last_ I be_ I _mrdy MB data_in
Bdac_en_ Resst_parity)

= I_ad_in”;;

let I_male_E = new_recursive_definition

false

mc_env

‘I_male B’

“I_male_E (MCEnv Rst Disable_seeprcm Disable_writes I_ad_in I male_
I_rale_ I_cale_ I_hlda_ I_last_ I _be_ I_mrdy MB_data_in
Edac_en_ Reset_parity)

= I_male_";;

let I_rale_ R = new_recursive_definition

false

mc_env

‘I_rale B’

#I_rale_E (MCEnv Rst Disable_seprom Disable_writes I _ad_in I male_
I_rale_ I_cale_ I_hlda_I_last_ I _be_ I _mrdy_ MB_data_in
Edac_en_ Reset_parity)

= I_rale_"*;;

let I_cale_R = new_rscursive_definition

false

mc_env

‘I_cale_E'’

»I_cale_E (MCEnv Rst Disable_eeprom Disable_writes I_ad in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I _mrdy MB_data_in
Bdac_en_ Reset_parity)

= I_cale_¥;;

let I_hlda_B = new_recursive_definition
false
mc_env
‘I_hlda_RB’
“I_hlda_B (MCEnv Rst Disable_eeprom Disable_writes I_ad_in I male_
I_rale_ I_cale_ I_hlda_ I_last_ I _be_ I_mrdy_ MB_data_in
Bdac_an_ Reset_parity)

= I _hlda_*;;
let I_last_E = new_recursive_definition
false
mc_env
‘I_last_E’

¥#I_last_E (MCEnv Rst Disable_seeprom Disable_writes I_ad_in I male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I _mrdy MB_data_in
Edac_en_ Reset_parity)

= I_last_~;;

let I_be_R = new_recursive_definition
false
mc_env
‘'I_be_R’



“I_be_E (MCEnv Rst Disable_seeprom Disable_writes I_ad in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I_mrdy MB_data_in
Rdac_en_ Reset_parity)

= I_be_";;

let I_mrdy E = new_recursive_definition

false

mc_env

‘I_mrdy B’

#I mrdy B (MCEnv Rst Disable_eeprom Disable_writes I_ad_in I_male_
I_rale_ I _cale_ XI_hlda_ I_last_ I _be_ I _mrdy_ MB_data_in
Bdac_en_ Reset_parity)

= I mrdy ";;

let MB_data_inE = new_recursive_definition

false

mc_env

'‘MB_data_inR’

“MB_data_inE (MCBnv Rst Disable_eeprom Disable_writes I_ad_in I_male_
I_rale_ I_cale_ I_hlda_ I_last_I_be_ I _mrdy_ MB_data_in
Rdac_en_ Reset_parity)

= MB_data_in”";;

let Bdac_en_E = new_recursive_definition

false

mc_env

‘BRdac_en_B’

“Bdac_en_R (MCEnv Rst Disable_seeprom Disable_writes I_ad _in I_male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I_mrdy MB_data_in
Bdac_en_ Reset_parity)

= Bdac_en_";;

let Reset_parityR = new_recursive_definition

false

mc_env

‘Reset_parityE’

“Reset_parityR (MCEnv Rst Disable_seprom Disable_writes I_ad_in I male_
I_rale_ I_cale_ I_hlda_ I_last_ I_be_ I _mrdy MB_data_in
Bdac_en_ Resst_parity)

= Reset_parity~;;

let Bnv_CASES =
prove_cases_thm (prove_induction_thm mc_env);,

let Env_Selectors_Work = prove_thm
( 'Env_Selectors_Work'’,
! e:mc_env .
e = (MCEnv (RetE @) (Disable_eepromE e) (Disable_writesE e) (I_ad_inE e)
(I_male_E o) (I_rale_R e) (I_cale_E o) (I_hlda_E e) (I_last_E e)
(I_be_E @) (I_mrdy E e) (MB_data_inE e)
(Edac_en_E e) (Reset_parityEk e))”,
GEN_TAC
THEN STRUCT_CASES_TAC (SPEC “e:mc_env” Bnv_CASES)
THEN REWRITE_TAC [RstE; Disable_sepromB; Disable_writesE; I_ad_inE;
I_male_E; I_rale_E; I_cale_RB; I_hlda_E; I_last_E; I _be_E;
I_mrdy E; MB_data_inR; Bdac_en_E; Reset_parityE]

let mc_out =
define_type ’‘mc_out’
‘mc_out = MCOut busni#busn wire#wire wordn#wordn busn#busn
bool#bool bool#bool bool#bool bool#bool bool##bool’;;

let I_ad_out0 = new_recursive_definition
false
mc_out
‘I_ad_outO’
#I ad_out0 (MCOut I_ad_out I_srdy_ MB_addr MB_data_out MB_cs_seeprom_
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let

let

let

let

let

let

let

let

let

let

MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= I_ad_out”;;

I_sxdy O = new_recursive_definition
false
mc_out
‘I_sxdy O’
#I_ardy O (MCOut I_ad_out I_srdy MB_addr MB_data out MB_cs_seprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= I_srdy_";;

MB_addrO = new_recursive_definition
false
mc_out
‘MB_addro’
“MB_addrO (MCOut I_ad_out I_srdy_MB_addr MB_data_out MB_cs_eeprom_
MB_cs_sram_ MB_we_ MB_oce_ MB_parity)
= MB_addr”;;

MB_data_outO = new_recursive_definition
false
mc_out
‘MB_data_outo’
«MB_data_outO (McCOut I_ad_out I_srdy_MB_addr MB_data_out MB_cs_seeprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= MB_data_out”;;

MB_cs_seprom_O = new_recursive_definition
false
mc_out
‘MB_cs_eeprom 0O’
“MB_cs_eeprom_O (MCOut I_ad_out I_srdy MB_addr MB_data_out MB_cs_seeprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= MB_cs_eeprom_%;;

MB_cs_sram_O = new_recursive_definition
false
mc_out
‘MB_cs_sram O’
“MB_cs_sram O (Mcout I_ad_out I_srdy_ MB_addr MB_data_out MB_cs_seprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= MB_cs_sram_";;

MB_we_O = new_recursive_definition
false
mc_out
‘MB_we_0O’
“MB_we_0 (MCOut I_ad_out I_srdy_ MB_addr MB_data_out MB_cs_eeprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= MB_wWe_";:

MB_oce_0O = nevw_recursive_definition
false
me_out
‘MB_oce_0’
“MB_oe_O (MCOut I_ad _out I_srdy MB_addr MB_data_out MB_cs_eeprom_
MB_cs_sram_ MB_we_ MB_oce_ MB_parity)
= MB_oe_";;

MB_parityO = new_recursive_definition
false
mc_out
‘MB_parityo’
“MB parity0 (MCOut I_ad_out I_srdy_ MB_addr MB_data_out MB_cs_eeprom_
MB_cs_sram_ MB_we_ MB_oe_ MB_parity)
= MB_parity”;;

Out_CASES =
prove_cases_thm (prove_induction thm me_out);;

Out_Selectors_Work = prove_thm
(‘Out_Selectors_Work’,
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“| pimc_out

P = (MCOut (I_ad_outO p) (I_srdy O p) (MB_addr0 p) (MB_data_outO p)
(MB_cs_eeprom O p) (MB_cs_sram O p) (MB_we_O p) (MB_oce_O p)
(MB_parityo p))”,

GEN_TAC

TEEN STRUCT_CASES_TAC (SPEC “pimc_out” Out_CASES)

THEN REWRITE_TAC ([I_ad_outO; I_srdy O; MB addrO; MB_data_outo;

MB_cs_eeprom _O; MB_cs_sram O; MB_we_0O; MB_oce_O;

MB_parityo]
Yis
close_theory();;
= = = e e e e e e ———————————————
Pile: m_block.ml
Author: (c) D.A. Pura 1992-93
Date: 1 March 1993

This file contains the ml scurce for the gate-level specification of the
M-Port of the FTEP PIU, an ASIC developed by the Embedded Processing
Laboratory, Boeing High Technology Center.

set_search path (search_path() @ [‘/home/elvisé/dfura/ftep/piu/hol/mport/’;
‘/home/elvisé/dfura/ftep/piu/hol/1ib/‘;
‘/bhome/elvisé/dfura/hol/ml/‘;
’/home/elvisé/dfura/hol/Library/abs_theory/’;
‘/home/elvisé/dfura/hol/Library/tools/’
1)1

set_flag (’‘timing’, true);;
system ‘rm mblock_def.th’;;
new_theory ‘mblock_def’;;

loadf ‘abs_theory’;;
loadf ‘aux_defs’;;

map new_parent [‘maux_def’;’'wordn_def’;’array_def’;‘less_eq’'l;;
map load_parent [’piuaux_def‘; ‘'gates_defl’;’latches_def’;’'ffs_def'];;

let RBP_ty = abs_type_info (theorem ’‘pivaux_def’ ’‘REP’);;

let SBE_Logic_GATE = new_definition
('89B_Logic_GATE’,
“! (i_ad :time->wordn#wordn)
(male mem_enable cs_e_ c¢s_s_ :1time->bool#bool)
(M_se :time->bool) .
SB_Logic_GATE i_ad male mem_senable M_se cs_e_ cs_s_ =
! titime
(M_se (t+l) =
(BSel (male t)) => (ELEMENT (BSel(i_ad t}) (23)) | M se t) /\
(ce_e_ t = ((~ASel{mem_senable t) \/ M_se t},
(~BSel (mem_senable t) \/ M_se (t+l1)))) /\
(cs_s_ t = ((~ASel(mem_enable t) \/ ~M_se t),
{(~BSel (mem_enable t) \/ ~M_se (t+1l))))”
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let WR_Logic_GATE = new_definition
(*WR_Logic_GATE’,
4y (i_ad stime->wordn#wordn)
{(male mem_enable wr rd_mem wr_mem :time->boolibool)
(M_wr :time->bool) .
WR_Logic_GATE i_ad male mem_snable M_wr wr rd _mem wr_mem =
t ti:time .
(M_wr (t+l) =
(BSel(male t}) => (ELEMENT (BSel(i_ad t)) (27)) | M_wr t) /\
(wr t = (M_wr t, M_wr (t+1))) /\ =
(rd_mem t = ({ASel(mem_senable t) /\ ~M_wr t),
(BSel (mem_enable t) /\ ~M_wr (t+1)))) /A
(wr_mem t = ((ASel(mem_enable t) /\ M wr t),
(BSel (mem_enable t) /\ M wr (t+1)))})}”

let Addr_Ctr_GATE = new_definition
(’Addr_Ctr_GATR’,
#y (i_ad addr_out : time->wordn#wordn)
(male rdy :time->booléibool)
(M_addr :time->wordnm) .
Addr_Ctr_GATE i_ad male rdy M_addr addr_out =
! t:time .
(M_addr (t+l) =
(BSel(male t)) => (SUBARRAY (BSel(i_ad t)) (18,0)) |
(BSel(rdy t)) => (INCN 18 (M_addr t)) | M_addr t) /\
(addxr_out ¢t =
({(ASel(rdy t)) => (INCN 18 (M_addr t)) | M_addr t),
((BSel(rdy t)) => (INCN 18 (M_addr t)) | M_addr t)))-

let BE_Logic_GATE = new_definition
(’BE_Logic_GATR’,
«] (i_be_ be_out itime->wordn#wordn)
(male srdy wr_mem ww bw 1 time->boolibool)
(M_be :time->wordn)
BE_Logic_GATE i_be_ male srdy wr_mem M_be be_out ww bw =
! titime .
(M_be (t+l) =
(BSel(male t) \/ BSel(srdy t))
=> (NOTN 3 (BSel(i_be_ t))) | (M be t)) /\
(be_out t = (M_be t, M be t}) /\
(ww t = ((ASel(wr_mem t) /\ (M_be t = (WORDN 3 15))).,
(BSel(wr_mem t) /\ (M_be (t+l) = (WORDN 3 15))))) /\
(bw t = ({ASel{wr_mem t) /\ ~(M_be t = (WORDN 3 15)) ).
(BSel(wr_mem t) /\ ~(M_be (t+l) = (WORDN 3 15)})))*~

let RAy Logic_GATE = new_definition
('Rdy_Logic_GATE',
| (write read zerc_cat wr_mem rdy :time->boolibool)
Rdy_Logic_GATE write read zero_cnt wr_mem rdy =
! titime .
rdy t = (((ASel(write t) /\ ASel(zero_cat t}) \/
(ASel(read t) /\ ASel(zero_cnt t) /\ -ASel(wr_mem N,
{(BSel(write t)} /\ BSel(zero_cmt t)} \/
(BSel(read t) /\ BSel(zero_cnt t) /\ ~BSel(wr_mem t)))}”

Vi
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let Ctr_Logic_GATER = new_definition
{‘Ctr_Logic_GATE’,
#“1 (dn 1ld in zero_cnt :time->bool#bool)
(M_count :time->wordn)
Cctr_Logic_GATE in dn 14 M_count zero_cnt =
! t:time .
(M_count (t+l) = =
BSel(ld t} => (BSel(in t) => (WORDN 1 1) | (WORDN 1 2)) |
BSel(dn t) => (DECN 1 (M_count t)) | (M_count t)) /\
(zero_cnt t = ((M_count t = (ASel(dn t) => (WORDN 1 1) | (WORDN 1 0)})),
(M_count ¢ = (BSel{(dn t) => (WORDN 1 1) | (WORDN 1 0})})))”

let Enable_Logic_GATE = new_definition

{ ‘Enable_Logic_GATE’,

#{ (cs_eeprom_ rd_mem address read write byte_write wwdel :time->boolibocl)
(disable_eeprom disable_writes ce_ edac_le we_ :time->boolibool)
{mb_wr_en_ :time->bool#bool)

Enable_Logic_GATE cs_eeprom_ rd_mem address read write byte_write wwdel
disable_eeprom disable_writes oce_ edac_le we_mb_wr_en_ =
! t:time .
{oe_ t = ((~{(ASel(rd _mem t) /\ ASel(address t)) \/ ASel(read t}))),
(~((BSel(rd _mem t) /\ BSel(address t)) \/ BSel(read t))))) /\
(we_ t = ((~{(ASel(cs_eeprom_t) \/ ~ASel(disable_eeprom t)) /\
~ASel (disable_writes t) /\
(ASel (byte_write t) \/ ASel(write t) \/ ASel{(wwdel t}))),
(~((BSel{cs_eeprom_ t) \/ ~BSel{(disable_seprom t)) /\
~BSel (disable_writes t) /\
(BSel (byte_write t) \/ BSel{(write t) \/ BSel(wwdel t)})})) /\
{edac_le t = (ASel(read t), BSel{read t))}} /\
(mb_wr_en_t = ((~ASel(write t)), ~BSel(write t)})”

Q= = . = = = . -~ —————
Generation logic for I_srdy_.
________________________________________________________________________________ %
let Srdy_Logic_GATE = new_definition
(’Srdy _Loglc_GATE’,
#1 (wr rdy rdy outQ srdy_ :time->boocl#bool)
Srdy_logic_GATRE wr rdy rdy_out(Q srdy_ =
! t:time .
srdy_ t = ((~((ASel(rdy_outQ t) /\ ~ASel(wr t)) \/
(ASel(xrdy t) /\ ASel(wr t)})),
(~((BSel(xrdy_outQ t) /\ ~BSel(wr t)) \/
(BSel(rdy t) /\ BSel(wr t)))))”
Yii
Gy m e o e e e e S — e e e m e e e e eeeeee—e e e —amsesteeeema——————
Memory decode logic.
________________________________________________________________________________ %

let EDAC_Decode_lLogic_GATR = new_definition
( 'EDAC_Decode_Logic_GATR',
#! (rep :*REP_ty)
(mb_data_in data_out detect_out :time->wordn#wordn)
(edac_en :time->bool#bool) .
EDAC_Decode_Logic_GATE rep mb_data_in edac_en data_out detect_out =
{ t:time .
(data_out t =
((ASel(edac_en t) => (Ham _Dec rep (ASel(mb_data_in t)))
| ASel(mb_data_in t)),
(BSel(edac_en t) => (Ham_Dec rep (BSel(mb_data_in t)))
| BSel(mb_data_in t)))) /\
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(detect_cut t =
((ASel(edac_en t) => (Ham Detl rep (ASel (mb_data_in t)))
| (WORDN 3 0}),
(BSel (edac_en t) => (Ham Detl rep (BSel (mb_data_in t)}]}
| (WORDN 3 0))}))”

let Read_Latches_GATE = new_definjtion
('Read_Latches_GATR’,
“y (rep:*RBP_ty)
(data_inD detect_inD m_data_outQ 1time-~>wordn#wordn)
(edac_en edac_le detect_inE m_detect_outQ :time->boocliébool)
(M_rd_data M_detect :time->wordm) .
Read_Latches_GATE rep data_inD edac_en edac_le detect_inD detect_inE
M_rd _data M_detect m_data_outQ m_detect_outQ =
1 t:time .
(M_rd_data (t+l) =
BSel(edac_le t) => (BSel(data_inmD t)) | (M_rd data t)) /N
(M_detect (t+l) =
BSel(detect_inE t) => (BSel{detect_inD t)) | (M_detect t)) /\
(m_data_outQ t = (M_rd _data t, M_rd_data t)) /\
{m_dstect_outQ t =
((Ham_Det2 rep (M_detect t, ASel(edac_en t))),
(Ham _Det2 rep (M_detect (tel), BSel(edac_en t)})))”

let Detect_Enable_Logic_GATE = new_definition
(‘Detect_Enable_Logic_GATE’,
#] (edac_en rd_mem detect_inE 1t ime->bool#bool)
Detect_Enable_Logic_GATE edac_en rd mem detect_inE =
! t:time .
detect_inE t =
(({ASel(edac_en t) /\ ASel(rd mem t)) \/ ~ASel(rd mem t)),
((BSel(edac_en t) /\ BSel(rd_mem t}) \/ ~BSel(rd_mem t)))”

let Mux_Out_Logic_GATE = new_definition
(‘Mux_Out_Logic_GATE’,
#) (m_data_out( i_ad be mb_data_out 1time ->wordni#wordn)
Mux_Out_Logic_GATE m_data_outQ i_ad be mb_data_out =
! t:time .
let odlA =
{(MALTER
ARBN
(7,0)
( (BLEMENT (ASel(be t})} (0))
=> (SUBARRAY (ASel(i_ad t)) (7,0))
| (SUBARRAY (ASel(m_data outQ t)) (7,0)))) im
let od2A =
{MALTER
odlAa
(15,8)
( (RLEMENT (ASel(be t)) (1))
=> (SUBARRAY (ASel(i_ad t)) (15,8))
| (SUBARRAY (ASel(m _data_outQ t)) (15,8)))) in
let od3A =
(MALTER
od2A
(23,16)
{ (ELEMENT (ASel(be t)) (2})
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=> (SUBARRAY (ASel(i_ad t)) (23,16))
| (SUBARRAY (ASel(m_data_outQ t)) (23,16)))) in
let oddA =
(MALTER
od3a
(31,24)
( (BLEMENT (ASel(be t)) (3))
=> (SUBARRAY (ASel(i_ad t)) (31,24))
| (SUBARRAY (ASel(m data_outQ t)} (31,24)))) in
let odlB =
(MALTER -
ARBN
(7,0)
( (ELEMENT (BSel(be t)) (0))
=> (SUBARRAY (BSel(i_ad t)) (7,0))
| (SUBARRAY (BSel(m_data_ocutQ t)) (7,0))})) in
let 0d2B =
(MALTRR
odlB
(15,8)
( (ELEMENT (BSel{(be t}) (1))
=> (SUBARRAY (BSel(i_ad t)) (15,8))
| (SUBARRAY (BSel(m data_outQ t)) (15,8)))) in
let cd3B =
(MALTER
od2B
(23,186)
( (ELEMENT (BSel(be t)) (2))
=> (SUBARRAY (BSel(i_ad t))} (23,16))
| (SUBARRAY (BSel(m_data_outQ t)) (23,16)))) in
let oddB =
(MALTER
od3B
(31,24)
( (ELEMENT (BSel(be t)) (3))
=> (SUBARRAY (BSel(i_ad t)) (31,24))
| (SUBARRAY (BSel(m_data_ocutQ t)) (31,24)))) in
(mb_data_out t = (ocddA, oddB))”
)iz

B e e e e e e e mmemmemm e emmmemem e e emmmem e m e —me————maaeem—aa
Data encoding logic.
................................................................................ %
let EBnc_oOut_logic_GATE = new_definition
{ ‘Enc_out_Logic_GATE’,
~1 (rep :~REBP_ty)
{mb_data_out mb_edata_out :time->wordn#wordn)
Enc_Out_Logic_GATE rep mb_data_out mb_edata_out =
! t:time .
mb_edata_ocut t =
((Ham_Enc rep (ASel(mb_data_ocut t))),
(Ham_Enc rep (BSel(mb_data_ocut t))))}~”
| E¥]
Qe e o o e e = e e e = —m e m e m e e e em——e———a
Input logic for M_parity latch.
________________________________________________________________________________ %

let Memparity_In_Logic_GATE = new_definition
(‘Memparity_In_ Logic_GATE’,
“! (srdy mem_enable detect_outQ rst reset_parity :time->bool#bool)
(memparity_inS memparity_inR memparity inR :time->boolibool) .
Memparity In_Logic_GATE srdy mem_snable detect_outQ rst reset_parity
memparity insS memparity_inR memparity_inR =
! titime .
(memparity_ins t =
({(ASel(srdy t) /\ ASel(mem_senable t) /\ ASel (detect_outQ t}),
(BSel(srdy t) /\ BSel(mem_enable t) /\ BSel (detect_outQ t))))} /\
{memparity inR t =
((ASel(reset_parity t) \/ ASel(rst t)),
(BSel (reset_parity t) \/ BSel(rst t})))) /\
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(memparity inE t =
{ (ASel (memparity_ins t) \/ ASel(memparity_ imR t)),
(BSel (memparity_insS t) \/ BSel(memparity_ inR t))})”

TSI it bt
M-Port controller state machine.
................................................................................ %
let FSM_GATE = new_definition
(PSM_GATB’, -
#1 (male_in_ rd_in bw_in ww_in last_in_ 1time->bool#bool)
(mrdy_3in_ zero_cnt_in rst_in :time->bool#bool)
(state :time->mfsm_ty)
(male_ rd bw ww last_ mrdy zero_cnt rst :time->bool)
(address_out read_out write_out :time->bool#bool)
(byte_write_out mem_senable_out 1time->bool#bool)
FSM_GATE male_in_ rd_in bw_in ww_in last_in_ mrdy_in_ zero_cnt_in rst_in
state male_ rd bw ww last_ mrdy_zero_cant rst
address_out read_out write_out byte_write_out mem_enable_out =
! t:time.
{(state (t+l) =
(rst t) => MI |
(state t = MI) => ({(-~male_ t) => MA | MI) |
(state t = MA) =>
(((~mxdy_ t) /\ ww t) => MW |
((~mxdy_ t) /\ (rd t \/ bw t)) => MR | MA} |
(state t = MR) =>
((bw t /\ zero_cant t) => MBW |
(last_ t /\ rd t /\ zerc_cmt t) => MA |
((~last_ t) /\ rd t /\ zero_cmt t) => MRR | MR) |
(state t = MRR) => MI |
(state t = MW) =>
({zero_cnt t /\ ~last_ t) => MI |
(zero_cnt t /\ last_ t) => MA | MW} | MW) /\
(male_ (t+1) = BSel(male_in_ t)) /\
{(rd (t+1) = BSel(rd _imn t)) /\
(bw (t+l) = BSel(bw_in t)) /\
(ww (t+1) = BSel(ww_in t)) /\
(last_ (t+l) = BSel(last_in_ t)) /\
{mrdy_ (t+l) = BSel(mrdy_ in_ t)} /\
(zero_cnt (t+l) = BSel(zero_cat_in t)) /\
(rst (t+l1l) = BSel(rst_in t)) /\
(address_out t = ((state (t+l) = MA), (state (t+l) = MA)}) /\
(read_out t = ((state (t+1) = MR), (state (t+i) = MR))) /\
(write_out t = ((state (t+l) = MW), (state (t+l) = MW))) /\
(byte_write_out t = {(state (t+l) = MBW), (state (t+l) = MBW))) /\
(mem_enable_out t = ((~(state (t+l) = MI)), (~(state (t+l) = MI))))”
Vit
R mmmmmmm i —mammmm e mm————m oS emmememmmmmmeeeemo o ese e eesseess————c-o-o-o—s
M-Port Block.
________________________________________________________________________________ %

let MBlock_GATE = new_definition
(‘MBlock_GATE’,
#) (rep 1*REP_ty) (s :time->mc_state) (s :time->mc_env) (p itime->mc_out)
MBlock_GATE rep 8 @ P =
? (male mem_enable wr rd_mem wr_mem rdy outQ sxdy ww bw 1t ime->bool#bool)
(address read write byte_write zero_cnt rdy :time->bool#bool)
(count_inDN count_inLD wwdel_inD wwdel_outQ edac_le :time~->bool#bool)
(mb_wr_en_ rdy_outQ srdy_ edac_en detect_inE :time->bool#bool)
(memparity_inS memparity_inR memparity_inE :time->boolidbool)
(m_detect_outQ :time->bool#bool)
(be data_out detect_out mb_data_out mb_edata_out :time->wordn#wordn)
{m_data_ocutQ :time->wordnié#wordn) .
(NOT_GATE (sig I_male_E o) male) /\
(SE_Logic_GATE (sig I_ad_inE e) male mem_senable (sig M_sesS s)
(sig MB_cs_eeprom O p) (sig MB_cs_sram O p)) /\
(WR_Loglc_GATE (sig I_ad_inE e) male mem enable (sig M_wrS s) wr
rd_mem wr_menm) /\
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(AQdr_Ctr_GATE (sig I_ad_inER e) male rdy outQ (sig M_addrs s)
(sig MB_addro p)) /\

(BE_Logic_GATE (sig I_be_ R e) male srdy wr_mem (sig M_beS s) be ww bw)} /\

(Rdy_Logic_GATE write read zerc_cnt wr_mem rdy) /\

(Ctr_Logic_GATE (sig MB_cs_eeprom O p) count_inDN count_inLD

(sig M_countsS s) zero_cat) /\

(OR2_GATE write read count_inDN) /\

(OR2_GATE address byte_write count_inlD) /\

(AND2_GATE ww address wwdel_inD) /\

(DLatB_GATE wwdel_inD (sig M_wwdelS s) wwdel_ocutQ) /\

(Enable_Logic_GATE (sig MB_cs_seprom O p) rd _mem address read write
byte_write wwdel_outQ (sig Disable_sepromE e)

(sig Disable_writesE e) (sig MB_oce_O p) edac_le
(sig MB_we_O p) mb_wr_en_)} /\

(DFFA_GATE rdy (sig M_rdys s) rdy_outQ) /\

{8rdy_Logic_GATE wr rdy rdy_outQ srdy_) /\

(TRIBUF_GATE srdy_ mem_enable (sig I_srdy_© p)) /\

{NOT_GATE srdy_ sxrdy) /\

(NOT_GATE (sig Edac_en_E e) edac_en) /\

(EDAC_Decode_Logic_GATE rep (sig MB_data_inE o) edac_en data out

detect_out) /\

(Read_Latches_GATE rep data_out edac_en edac_le detect_out detect_inE
(sig M_rd_datas s) (sig M_detectS s) m_data_outQ
m_detect_outQ) /\

(TRIBUPD_GATE m_data_outQ rd mem (sig I_ad_outo p)) /\

(Detect_Enable_Logic_GATR edac_en rd_mem detect_inE) /\

(Mux_out_Logic_GATE m_data_outQ (sig I_ad_inE e) be mb_data_out) /\

(Bnc_Out_Logic_GATE rep mb_data_out mb_edata_ocut) /\

(TRINBUFn_GATE mb_edata_out mb_wr_en_ (sig MB_data_outO p)) /\

(Memparity In Logic_GATE srdy mem_enable m_detect_outQ (sig RstE e)

(sig Reset_parityE e) memparity ins
memparity_inR memparity_inE) /\

(DSRELatB_GATE GND memparity_ins memparity inR memparity_ink

(sig M_paritys s) (sig MB_parityo p}) /\

(FSM_GATE (sig I_male_E o) rd mem bw ww (sig I_last_E e) (sig I _mrdy E e)
zerco_cnt (sig RstE e) (sig M_fsm stateS s) (sig M_fsm male_S s)
(sig M_fasm_rdS s) (sig M_fsm_bwsS s} (sig M_fsm_wwS s)
(aig M_fsm_last_8 s) (sig M_fsm_mrdy S s)
(sig M_fsm_zero_cntS s) (sig M_fsm_rstS s) address read write
byte_write mem_enable)”

Yis

let MBlock_BXP = save_thm
(‘MBlock_EBXP’,
(BETA_RULR
(REWRITE_RULE [SB_Logic_GATE;WR_Logic_GATE;Addr_Ctr_ GATE;BE_Logic_GATE;
Rdy_Logic_GATR;Ctr_Logic_GATE;EBnable_Logic_GATE;
sSrdy_Logic_GATE; BDAC_Decode_Logic_GATE;Read_Latches_GATE;
Detect_Enable_Logic_GATE; (EXPAND_LET_RULE Mux_Out_Logic_GATE);
Rnc_Out_Logic_GATE;Menparity In_logic_GATE;FSM_GATE;NOT_GATE;
OR2_GATE; AND2_GATE; TRIBUF_GATE; TRIBUFn_GATE; TRINBUFu_GATE;
DLatB_GATER; DSRELatB_GATE;DPFA_GATE;ASel;BSel;GND;sig]
(SPEC_ALL MBlock_GATR)))
Vi

close_theory();:

B — — e e~ e e e e e e e e m e e e e e e e e mm e mm— e mm—————————————
Pile: mclock_def .ml
Author: (c) D.A. Pura 1992-93
Date: 1 March 1993

This file contains the ml scurce for the clock-level specification of the PIU
M-Port, an ASIC developed by the Embedded Processing Laboratory, Boeing High
Technology Center. The bulk of this code was translated from an M-language
simulation program using a translator written by P.J. Windley at the
University of Idabho.
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set_search_path (search _path() & [’ /home/elvisé/dfura/ftep/piu/hol/1ib/’;
' /home/elvisé/dfura/ftep/piu/hol/mport/’;
‘ fhome/elvisé/dfura/hol/Library/abs_theory/’;
‘ /home/elvis6/dfura/hol/Library/tools/’;
' /home/elvisé/dfura/hol/ml/ "’
1}11

system ‘rm mclock def.th’;;
new_theory ‘mclock_def’;;

loadf ‘abs_theory’;:
loadf ‘aux_defs’;;

map new_parent [‘array_def’; ‘wordn_def’; ‘less_eq’]l ;)
map load_parent [’‘piuaux_def’; 'maux def‘};:

new_type_abbrev (‘timeC’, “:num”);;

let REP_ty = abs_type_info (theorem ‘pluaux_def‘ ‘REP‘);;

let MC_NSF = new_definition
(’MC_NBSP?’,
#y (rep :*REP_ty) (s :mc_state) (e :mc_env) .
MC_NSF rep 8 @ =
let M_fsm state = M_fam statesS s and
M _fsm_male_ = M_fsm male_S s and
M_fsm rd = M_£sm _rdS s and
M _fem bw = M_fsm bwS s and
M_fsm ww = M_fsm wwS s and
M_fsm_last_ = M_fsm _last_8 s and
M_fsm mrdy = M_fsm mrdy § s and
M_fsm_zero_cnt = M_fem_zero_cntS s and
M_fsm_rst = M_fsm _rstS s and
M se = M_seS s and
M Wwr = M_wrS8 s and
¥M_addr = M_addrsS s and
M_be = M _beS s and
M_count = M_countS s and
M_rdy = M_rdyS s and
M_wwdel = M_wwdelS s and
M_parity = M_paritys s and
M_rd_data = M_rd_datasS s and
M_detect = M_detects s in
let Rst = RstE e and
Disable_seeprom = Disable_eepromE e and
Disable_writes = Disable_writesE e and
I_ad_in = I_ad_inE e and
I_male_ = I _male E e and
I_last_ = I_last_E e and
I be_ = I_be_B e and
I_mrdy_ = I_mrdy B e and
MB_data_in = MB_data_inE e and
Edac_en_ = Bdac_en_B e and
Reset_parity = Reset_parityE e in
let new_M_fsm state =
((M_fsm_rst) => MI |
(M_fsm state = MI) => ((~-M_fsm_male_) => MA | NI) |
(M_fsm_state = MA) =>
(((~M_fsm_mrdy ) /\ M_fsm ww) => MW |
((~-M_fsm_mrdy ) /\ (M_fsm_rd \/ M_fsm bw)) => MR | MA) |
(M_fsm_state = MR) =>
((M_fsm_bw /\ M_fsm_zero_cnt) => MBW |
(M_fsm_last_ /\ M_fsm_xd /\ M_fsm_zerc_cnt) => MA |
((~M_fsm_last_) /\ M_fsm rd /\ M_fsm zerc_cnt) => MRR | MR) |
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(M_fsm_state = MRR) => MI |
(M_fsm_state = MW) =>
((M_fsm_zero_cnt /\ ~M_fsm_last_) => MI |
(M_fsm_zero_cnt /\ M_fsm_last_) => MA | MW} | MW) in
let address = (new_M_fsm_state = MA)} in
let read = (new_M_fsm_state = MR) in
let write = (new_M_fsm_state = MW) in
let byte_write = (new M fsm state = MBW) in
let mem_snable = (- (new_M_£fsm_state = MI)) in

let zero_cnt = (M _count = ((write \/ read ) => (WORDN 1 1) | (WORDN 1 0)}})
in =
let new_M_se =
((~BSel(I_male_)) => (ELEMENT (BSel(I_ad_in)) (23)) | M_se) in
let new_M _wr =
((~BSel(I_male_)) => (ELEMENT (BSel(I_ad_in)) (27)) | M_wr) in

let new_M_addr =
((~BSel(I_male_)}) => (SUBARRAY (BSel(I_ad_in)) (18,0)) |
(M_rdy) => (INCN 18 M_addr) | M_addr) in
let rd_mem = ((mem_enable /\ ~M_wr),
(mem_enable /\ ~new_M_wr)) in
let wr_mem = ( (mem_enable /\ M_wr),
(mem_enable /\ new_M_wr)) in
let rdy = ({((write /\ zero_cnt) \/
(read /\ zero_cnt /\ ~ASel(wr_mem))),
((write /\ zero_cat) \/
(read /\ zero_cnt /\ ~BSel(wr_mem)))) in
let srdy_ =
((~((M_xrdy /\ ~M_wr) \/ (ASel(rdy) /\ M_wr))}),
(-((M_rdy /\ ~new_M_wr) \/ (BSel(rdy) /\ new_M_wr)))) inm
let new_M_be =
((~BSel(I_male_) \/ ~BSel(srdy_)) => (NOTN 3 (BSel(I_be_)})) | M_be) in
let new_M_count =
((address \/ byte_write) =>
((~mem_snable \/ new_M_se) => (WORDN 1 1) | (WORDN 1 2)) |
(write \/ read) => (DECN 1 M_count) | M_count) in
let new_M_rdy = (BSel(rdy)) im
let bw = ((ASel(wr_mem) /\ ~(M_be = (WORDN 3 15)}),
(BSel(wr_mem) /\ ~(new_M_be = (WORDN 3 15)))) in
let ww = ((ASel(wr_mem) /\ (M be = (WORDN 3 15))),
(BSel(wr_mem) /\ (new M be = (WORDN 3 15)))) inmn
let new_M_wwdel = (BSel(ww) /\ address) in
let new_M_rd_data =
(read => ((~BSel(Bdac_en_)) => (Ham_Dec rep (BSel(MB_data_in)))
| BSel(MB_data_in))
| M_rd_data) in
let new_M_detect =
(((~BSel(Edac_en_) /\ BSel(rd mem)) \/ ~BSel(rd_mem))
=> ((~BSel(Bdac_en_)) => (Ham_Detl rep (BSel(MB_data_in)))
| (WORDN 3 0))
! M_detect} in
let paritys =
(~BSel (sxrdy_ ) /\ mem_enable
/\ Ham_Det2 rep (new_M_detect, -BSel(Bdac_en_))) in
let parityR = (BSel (Reset_parity) \/ BSel(Rst)) in
let new_M_parity =
((paritys \/ parityR)
=> ((paritys /\ ~parityR) => T |
(~paritys /\ parityR) => P |
(~paritys /\ ~parityR) => F | ARB)
| M_parity) in
let new_M fsm male_ = (BSel(I_male_)) in
let new M fsm rd = (BSel(rd_mem)) in
let new _M_fsm bw = (BSel(bw)) in
let new_M_fsm _ww = (BSel(ww)) in
let new_M_fsm last_= (BSel(I_last_)) in
let new_M_fsm mrdy = (BSel(I_mrdy_))} in
let new_M_fsm_zero_cnt = zero_cnt in
let new_M_fsm_rst = (BSel(Rst)) in

(MCState new_M_fsm_state new_M_fsm_male_ new_M fsm_rd new M_fsm_bw

new_M_fsm_ww new_M_fsm_last_ new M_fsm_mrdy_new_M_fsm_zero_cnt
new_M fsm rst new_M_se new_M wr new M_addr new_M_be new_M_count
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Yii

new_M rdy new_M_wwdel new_M | parity new_M_rd_data new_M_detect)”

let MC_NSF_REBW = save_thm
{ 'MC_NSP_REW’,
(REWRITE_RULE [ASel;BSel] MC_NSF)

)i

let MC_OF = new_definition
('MC_OF’,
«y (rep :*REP_ty) (s :mc_state) (e :mc_env)
MC_OF oD 8 & =

let

let

let

let
let
let
let
let
let
in

let

let

let

M_fsm_state M_fsm_states s and
M_fsm_male_ M_fsm male_S s and
M_fsm_rd = N_fsm_rdsS s and
M _fsm bw = M_fsm_bwsS s and
M_fsm ww = M_fsm wwS s and
M_fsm last_ = M_fsm last_S s and
M_fsm_mrdy_ = M_fsm mrdy S s and
